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This  study,  sponsored  by  the  North  American  Technology  and  Industrial  Base  Organiza¬ 
tion  (NATIBO) ,  assesses  the  long  term  health  of  the  North  American  military  battery 
production  base.  This  horizontal  assessment  identifies  batteries  that  have  commercial 
applications,  dual  use  batteries  meeting  DoD  needs,  and  batteries  that  meet  unique 
military  requirements.  It  also  identifies  battery  chemistries  where  the  capability 
to  manufacture  that  particular  line  may  disappear  and  discusses  the  impact  of  this 
loss  and  the  potential  of  new  or  next  generation  battery  chemistries  to  fill  the  void. 
The  study  identifies  current  problems,  the  outlook  for  the  industry,  areas  of  com¬ 
patibility,  and  areas  of  potential  joint  Service  and  Canadian  cooperation.  From 
this,  the  study  provides  recommendations  for  managing  batteries  within  the  military 
and  overcoming  identified  problems.  The  report  outlines  concrete  initiatives  for 
improving  the  battery  industry  sector,  employing  dual  use  batteries  to  the  maximum 
extent,  and  enhancing  joint  activity. 
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FOREWORD 


This  repon  addresses  the  collection  and  analysis  of  technical,  market,  and  policy 
informadon  related  to  die  Noidi  American  battery  industry  sector.  The  report  includes  information 
gadiered  from  a  wide  varied  of  sources. 

The  report  was  prepared  by  BDM  Federal,  Inc.  (BDM),  ISOl  BDM  Way,  McLean, 
Virginia  22102  for  die  U.S.  Army  Industrial  Engineering  Activity  (lEA);  die  Productivity  Branch, 
Industrial  Base  Analysis  Division,  Manufacturing  Technology  Directorate,  Wright  Laboratory, 
Wright  Pattersmi  Air  Force  Base,  U.S.  Air  Force;  and  the  Directorate  of  North  American  Material 
Cooperation  of  the  Canadian  Department  of  National  Defence  on  behalf  of  the  Nmth  American 
Defense  Industrial  Base  Organization  (NADIBO)  under  contract  number  DAAA08-91-D-0008.  Ed 
Dtnchak  managed  the  Battery  Sector  Study.  Donald  Higgins,  Jr.  was  the  technical  lead.  Principal 
audiors  were  Mel  Hafer,  Ellen  Solos,  and  Stephen  Milley. 
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DISCLAIMER 


The  mention  of  specific  products  or  companies  does  not  constitute  an  endorsement  by 
BDM,  the  U.S.  Government,  or  the  Canadian  Government.  Use  of  the  information  contained  in 
this  publication  shall  be  with  the  user’s  understanding  diat  neither  BDM  ncH*  the  two  Governments, 
by  ^he  inclusion  or  exclusion  of  any  company  in  this  document,  provides  any  endorsement  or 
cqnnior.  as  to  the  included  or  excluded  conq)anies'  products,  capabilities,  or  con^tencies.  The  list 
of  companies  contained  in  this  document  is  not  rqnesented  to  be  complete  or  all  inclusive. 


EXECUTIVE  SUMMARY 


Introduction 

This  study,  sponsored  by  the  North  American  Defense  Industrial  Base  Organization 
(NADIBO),  assesses  the  long  term  health  of  the  North  American  military  battery  production  base. 
The  objective  of  the  repmt  is  to  discuss  the  following  areas: 

•  Batteries  and  battery  chemistries  that  military  systems  use  today 

•  U.S.  and  Canadian  production  csyrabilities  relative  to  diese  chemistries 

•  Battery  techiudogy  trends  and  research  and  development  programs  regarding 
current  and  future  military  battery  systems 

•  The  cunent  and  projected  business  climate  for  producers  of  military  batteries 

•  MariceQilace  issues  and  concerns. 

This  horizontal  assessment  identifies  batteries  that  have  commercial  applications,  dual  use 
batteries  meeting  DoD  needs,  and  batteries  duu  meet  unique  military  requiremoits.  It  also  identifies 
battery  chemistries  where  the  capability  to  manufacture  that  particular  line  may  disappear  and 
discusses  the  inqract  of  this  loss  and  the  potential  of  new  or  next  generation  battery  chemistries  to 
fill  the  void. 

The  study  identifies  cunent  problems,  the  outlook  for  the  industry,  areas  of  compatibility, 
and  areas  of  potential  joint  Service  and  Carmdian  cooperation.  From  this,  the  study  provides 
recmmnendatitms  for  managing  batteries  within  the  military  and  overcoming  identified  problems. 
The  report  outlines  concrete  initiatives  for  improving  the  battery  industry  sector,  employing  dual 
use  battnies  to  the  maximum  extent,  and  enhancing  jmnt  activity. 

In  the  course  of  this  study,  government  and  industry  representatives  were  interviewed  and 
site  visits  to  battery  producers  and  research  laboratories  were  conducted.  An  extensive  database  of 
battery  infonnation  was  compiled. 

The  following  sections  provide  a  snapshot  view  of  the  battery  industrial  base  by  chemistry. 
Following  the  discussion  of  the  chemistry  families  is  a  discussion  of  general  management  issues 
and  concerns  of  the  battery  industrial  base  as  a  whole.  This  includes  recommendations  to  handle 
these  issues. 


Thermal  Batteries 


The  term  thennal  battery  does  not  refer  to  any  one  type  of  battery  chemistry  but  to  a  group 
of  electrochemical  systems  using  different  chemistries.  The  most  common  configurations  are 
lithium  based  systems.  These  types  of  batteries  are  for  one  time  use  and  provide  power  fOT  mines, 
missiles,  guided  artillery,  fuses,  countermeasure  devices,  and  guidance  systems.  Activated 
pyrotecfanically,  die  electrochemical  reaction  cannot  be  stopped  and  has  a  duration  of  a  few  seconds 
to  a  few  hours.  Thermal  batteries  are  used  exclusively  by  the  military,  though  R&D  is  underway 
to  address  commercial  applications. 

Eagle-Picher's  Joplin,  Missouri  facility  is  the  only  remaining  North  American  producer  of 
thermal  batteries.  SAFT  America  in  Cockeysville,  Maryland  ceased  thermal  battery  production  in 
December  of  1993  and  became  a  R&D  facility.  Two  other  companies,  Martin  Marietta  and 
Westinghouse,  recently  have  shown  diermal  battery  production  capabilities  for  R&D  and  prototype 
batteries. 

Thermal  battery  demands  are  significantly  lower  than  in  the  past  due  to  cancellation  of 
developmental  we^ns  programs  and  other  defense  cutbacks  with  no  foreseeable  growth  in  the 
near  future.  However,  thermal  batteries  are  being  assessed  for  additional  military  applications  in 
sonobuoys  and  BAT  smart  missiles  and  for  a  commercial  application  as  emergency  power  on  More 
Electric  Aircraft  (MEA)  A  new  series  of  sonobuoys  may  replace  lithium  sulfur  dioxide  batteries 
with  a  thermal  battery  system.  This  application  is  in  the  development  phase  but  if  successful, 
could  significantly  increase  military  demand  for  diermal  batteries.  The  development  of  the  MEA 
will  establish  a  commercial  demand  for  thermal  batteries  if  the  emergency  backup  systems  using 
these  batteries  prove  successful. 

The  thermal  battery  base  has  a  projected  business  climate  that  is  stable  and  flat.  One  solid 
producer  is  currently  supplying  thermal  batteries,  and  other  potential  producers  are  considering 
entry  into  the  market 

Lithium  Batteries 

Lithium  battoies  are  used  primarily  in  military  applications,  though  there  is  some  spin-off 
into  the  commercial  market  Lithium  primary  batteries  offer  performance  advantages  well  above 
the  capabilities  of  conventional  aqueous  electrolyte  battery  systems.  They  have  the  highest 
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gravimetric  awigy  (watt  hours/kilogram),  highest  volumetric  energy  (wan  hours/liter),  and  one  of 
the  best  storage  lives  any  electrochemical  battery  system. 

The  lithium  chemistries  used  by  the  military  include  primary  lithium  sulfur  dioxide,  lithium 
thionyl  chloride,  and  lithium  rrumganese  dioxide.  At  present,  the  most  widely  used  of  these 
chemistries  is  lithium  sulfur  dioxide.  Defense  applications  include  global  positioning  systems,  silo 
batteries,  SINCXSARS  radios,  sonobuoys,  and  torpedoes.  The  commercial  market  uses  lithium 
batteries  in  a  small  number  of  a^lications.  Commercial  applications  of  prirtuuy  lithium  thionyl 
chloride  batteries  include  animal  tracking  devices,  ml  drilling  electronics,  timing  devices,  and  life 
support  systems.  Primary  lithium  manganese  dioxide  batteries  are  used  cmnmercially  in  watches, 
calculatxxs,  laptop  cmnputers,  cellular  telephones,  and  cameras,  and  lithium  sulfur  dioxide  batteries 
in  medical  devices,  animal  tracking  devices,  and  lighting  on  mining  helmets. 

There  are  four  major  North  American  lithium  battery  producers  -  Ballard  Battery  Systems, 
Battery  Engineoing  Inc.  (BEI),  Power  Conversion  Inc.,  and  SAFT  America  Inc.  (Valdese).  A 
fifth  con^any,  Yardney  Technical  Products,  is  a  pmential  supplier  of  lithium  systems  to  the 
military  but,  to  date,  has  not  produced  any  batteries.  The  present  market  for  lithium  batteries 
rqiresents  a  small  fraction  of  the  overall  battery  market  The  lithium  markeqrlace  has  been  driven 
by  military  sales,  with  commercial  sales  accounting  for  only  a  small  portion  of  the  overall  demand. 

Due  to  the  large  number  of  lithium  sulfur  dioxide  batteries  procured  by  CECOM  during 
Operation  Desert  Storm  and  the  completion  of  existing  contracts,  sufficient  supplies  exist  to 
preclude  any  further  major  procurements  until  the  1997/1998  time  fiame.  During  this  time  period, 
the  military  is  examining  the  cost  effectiveness  of  alternative  lithium  battery  systems.  In  particular, 
CECOM  is  examining  the  lithium  manganese  dioxide  (pouch)  battery  as  a  potential  candidate  to 
replace  the  lithium  sulfur  dioxide  battery.  CECOM  is  concerned  about  the  tradeoffs  between  the 
current  performance  level  of  the  lithium  sulfur  dioxide  battery  versus  new  Uthium  batteries  and  the 
costs  associated  with  these  different  systems.  If  the  next  generation  of  lithium  batteries  does  not 
prove  as  cost  effective  as  the  current  lithium  sulfur  dioxide  system,  this  concern  is  that  lithium 
sulfur  dioxide  battery  producers  may  not  be  available  when  (TECOM  needs  to  procure  more 
batteries.  CECOM  is  postured  to  accept  this  risk  and  believe  if  they  continue  to  procure  die  lithium 
sulfur  dioxide  battery,  a  supplier  will  either  still  have  the  production  capability  or  the  ability  to 
resurrect  it 

A  large  part  of  the  military's  primary  battery  budget  is  for  lithium  batteries.  The  major 
focus  of  military  R&D  activities  is  toward  improved  safety  and  performance  of  existing  primary 
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systems  and  development  of  secondary  lithium  systems.  The  secondary  systems  being  addressed 
are  lithium  ion  and  lithium  polymer  batteries.  Sony  has  recently  introduced  a  lithium  ion  battery  in 
die  ctxnmeiciai  market  for  its  camcorders. 

Of  the  major  lithium  battery  manufacturers,  only  BEI  has  an  established  commercial 
market,  primarily  fcv  the  oil  drilling  industry,  and  does  not  rely  on  government  sales.  The  other 
producers  rely  Ireavily  on  government  sales  fen*  their  survival.  The  possible  transition  away  from 
the  lithium  sulfur  dioxide  chemistry,  previously  the  military's  mainstay  chemistry,  has  left  the 
lithium  producers  concerned  about  their  future  prospects.  Product  diversification  based  on 
increased  commercial  demand  is  essential  for  develtqiing  a  healthy  lithium  battery  industrial  base. 
The  military  demand  in  support  of  present  and  future  systems  will  be  limited.  Manufacturers  are 
investigating  commercial  marke^lace  applications  fen*  their  products.  Much  attention  is  being 
centered  on  development  of  the  lithium  ion  and  litiiium  polymer  technologies,  which  lend 
thonselves  to  both  comme  <d  and  military  uses.  Most  lithium  battery  manufacturers  do  not  have 
dedicated  lines  to  produce  military  batteries  arul  are  postured  to  treat  their  coimnercial  and  military 
customers  equally.  The  companies  will  add  additional  shifts  to  meet  extra  military  demand,  but 
will  not  make  capital  investments  to  support  military  prod  action  alone.  In  a  crisis  situation,  they 
will  be  well  positiemed  to  use  their  full  ctqracity  to  support  military  production. 

There  are  several  Technology  Reinvestment  Program  contracts  that  recently  have  been 
awarded,  and  many  are  under  negotiation,  to  assist  military  based  lithium  battery  producers  to 
make  the  transition  to  commercial  products.  This  will  help  provide  financial  stability  and  at  the 
same  time  maintain  militaty  battery  production  capabilities. 

The  demand  for  lithium  batteries  is  projected  to  increase  for  both  primary  and  secondary 
(rechar]geable)  batteries.  This  growth  is  expected  largely  as  a  result  of  increased  demand  and  sales 
of  portable  electronic  devices  using  lithium  ion  and  lithium  polymer  batteries.  Military  demand 
may  no  longer  dictate  the  climate  of  the  lithium  marketplace  in  the  future. 

Mercury  Batteries 

Mercury  batteries  are  not  a  high  demand  battery  chemistry.  The  market  is  alnoost  totally 
driven  by  the  military.  The  military  uses  this  chemistry  in  legacy  systems,  namely  mines, 
munitions,  and  communications  devices  dating  from  the  1960s  and  early  1970s,  naval  mines,  and 
surveillance  systems.  Conunetcial  applications  are  limited  to  portable  electronics  and  portable 
medical  devices. 
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The  DoD  is  transitioning  away  fiom  mercury  batteries  and  into  other  chemistries,  primarily 
due  to  environmental  cmioems.  Due  to  safety  issues  involving  mercury,  13  sttues  have  banned  the 
commercial  sale  of  mercury  batteries,  and  it  is  likely  that  more  will  follow. 

Alexander  Batteries  is  the  only  North  American  producer  of  mercury  cells  and  only  woild 
producer  of  cylindrical  mercury  cells.  As  DoD  replaces  these  legacy  systems  and  phases  out 
mercury  batteries,  Alexander  Batteries  will  probably  discontinue  mercury  battery  manufacturing. 
The  commercial  market  will  not  provide  die  cotrqiany  with  enough  buriness  to  sustain  production. 

Silver  Zinc/Silver  Cadmium  Batteries 

The  silver  battery  maiket  is  small  and  serves  niche  markets.  One  of  the  main  reasons  that 
this  market  has  not  expanded  is  die  high  cost  of  the  battery.  The  most  widely  used  silver  batteries 
are  silver  zinc  and  silver  cadmium;  the  silver  zinc  system  exists  in  primary,  primary  reserve,  and 
secondary  configurations.  Defense  uses  of  the  silver  cadmium  battery  are  for  powering  torpedoes 
and  satellites.  Commercial  silver  cadmium  battery  plications  are  limited  to  portable  power  tools. 
Military  plications  of  sectmdary  silver  zinc  systems  are  for  guidance  and  telemetry  for  missiles 
and  tmpedoes  and  propulsion  for  underwato*  vehicles  and  torpedoes.  NASA  uses  this  chemistry 
in  all  their  space  missions.  Commercial  applications  of  secondary  silver  zinc  batteries  are 
electronic  news  gadiering  equipment  and  televiskm  cameras.  The  major  commercial  silver  battery 
is  the  silver  zinc  primary  chemistry,  which  is  used  in  electronic  devices  such  as  calculators  and 
wristwatches.  The  silver  zinc  batteries  used  by  the  military  are  quite  different  from  the  small, 
single  primary  cell  batteries  used  in  commercial  electronic  devices. 

Yardney  Technical  Products,  Inc.  and  BST  Systems  are  the  North  Americin  producers  of 
silver  cadmium  batteries.  For  militaiy  plications  of  primary  and  secmidary  silver  zinc  batteries, 
thoe  are  four  main  North  American  spliers  -  Yardney,  BST,  Whittaker  Power  Storage  Systems, 
and  Eagle-ncher  Industries,  Inc.  (Jt^lin,  Missouri  facility).  For  military  plications  of  primary 
reserve  silver  zinc  batteries,  there  are  three  main  spliers  -  Yardney,  Whittaker,  and  Eagle-Hcher. 
Commercial  primary  silver  zinc  cells  are  manufactured  by  Duracell,  Eveready,  and  Rayovac. 

Silver  cadmium  is  an  expensive  battery  chemistry  with  limited  applications  and  an 
environmentally  unfriendly  component,  cadmium.  Environmental  concerns  over  cadmium, 
decreasing  defense  dollars,  and  near  term  potential  replacement  chemistries  will  likely  cause  the 
military  to  discontinue  use  of  silver  cadmium  batteries  over  time. 
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The  commercial  base  for  silver  zinc  batteries  is  quite  distinct  firom  the  military,  mainly  due 
to  the  battery  type  used  in  each  market.  Commercial  and  military  silver  batteries  cannot  be 
manufactured  on  the  same  line  and  there  appears  no  chance  for  dual  use  production  in  the  near 
term. 


Silver  zinc  battery  usage  within  the  military  will  grow  in  the  near  future  with  improved 
silver  zinc  batteries.  Research  is  ongoing  to  improve  the  properties  and  lifecycle  of  silver  zinc 
batteries. 

The  projected  business  climate  overall  for  silver  zinc  batteries  is  stable  with  a  slight 
downturn  in  demand.  NASA  and  the  Navy  should  continue  to  be  a  major  customers  of  silver  zinc 
batteries.  The  base  is  cmisidered  healthy,  thou^  the  decrease  in  demand  could  result  in  die  loss  of 
one  supplier.  In  particular,  of  the  three  primary  reserve  silver  zinc  suppliers  of  Navy  batteries, 
only  Eagle-Picher  shows  strong  presence;  Yardney's  most  recent  production  contract  ended  in 
FY93,  and  Whittaker’s  productimi  does  not  have  a  strong  foothold. 

Lead  Add  Batteries 

Lead  acid  battery  technology  has  been  in  use  for  over  100  years.  Lead  add  batteries  are  the 
most  widely  used  secondary  (rechargeable)  batteries  in  the  world.  Applications  span  the  range 
from  small  portable  dectronics  to  large  military  systems.  The  pc^ularity  of  lead  acid  batteries  is 
attributed  to  the  maturity  of  the  technology,  the  low  maintenance  (O&S)  costs,  the  low  cost  of 
materials,  die  widespread  recycling  of  lead,  and  a  reladvely  wide  temperature  range  for  cycling  and 
nmi-cycling  applications. 

The  military  uses  lead  acid  batteries  primarily  for  vehicle  starting,  lighting  and  ignition, 
aircraft  engine  starting,  motive  power  on  submarines,  and  standby  power  systems  in  missile  silos. 
The  commercial  lead  acid  battery  market  is  almost  totally  driven  by  automotive  and  standby  power 
tqiplications,  althou^  they  are  also  used  in  portable  ctanputers  and  cmnmunications  devices.  The 
largest  market  for  lead  acid  batteries  is  in  the  automotive  aftemuirket  (replacement  batteries).  The 
commercial  demand  has  kept  the  lead  acid  market  stable  and  growing  slowly. 

Lead  acid  batteries  are  one  ttf  the  most  probable  candidates  for  use  in  electric  vehicles  in  the 
near  term.  Newer  lead  acid  batteries,  the  valve-regulated,  low  maintenance  types,  are  replacing 
many  of  the  older  lead  acid  batteries  in  many  aviation  systems. 
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Four  major  Ncmh  American  lead  acid  battery  producers  are  Concorde  Battery  Corpmatimi, 
C&D  Charter  Power  Systems,  GNB  Battery  Technologies,  and  Johnson  Controls  Battery  Group. 
There  are  other  lead  acid  battery  suppliers  to  commercial  markets,  but  this  report  only  discusses 
these  four  suppliers  and  their  presence  in  the  military/govemment  environmenL  Jdinson  Controls 
is  the  only  producer  of  these  that  does  not  supply  batteries  directly  to  military  organizations.  The 
lead  acid  nuiket  is  dominated  by  commercial  demand.  The  only  military  application  of  lead  acid 
batteries  that  has  no  commercial  counterpan  is  submarine  propulsion,  due  primarily  to  the  large 
size  of  the  battery  system.  Lead  acid  battery  companies  that  supply  the  military  have  strong 
oxnmercial  markets,  and  the  loss  of  military  sales  would  not  damage  the  market  presence  of  these 
ctHupanies. 

Widi  an  established  commercial  base  and  market,  the  lead  acid  battery  industry  is  expected 
to  ctmtinue  strong  growth.  The  base  is  considered  healthy  and  the  technology  truly  dual  use, 
(rffering  full  convertibility  of  commercial  and  defense  manufacturing  lines. 

Nickel  Cadmium  Batteries 

Nickel  cadmium  is  the  most  widely  used  nickel  chemistry  in  the  military.  Nickel  cadmium 
batteries  have  a  rugged  construction  and  proven  reliability.  Characteristics  like  high  power 
capalnlities,  a  wide  operating  temperature  range,  and  long  cycle  life  make  them  suitable  for  many 
iqqrlications.  The  military  uses  nickel  cadmium  batteries  for  aircraft  and  aerospace  equipment  The 
commercial  market  for  nickel  cadmium  batteries  is  driven  primarily  by  portable  electronics  and 
commercial  aviation  sales.  Military  and  commercial  batteries  are  manufactured  on  the  same 
production  lines. 

Presendy,  North  America  has  three  majcx’  military  nickel  cadmium  battery  suppliers,  Eagle- 
Picher  (Colorado  Springs),  Marathon  Power  Technologies,  and  SAFT  America  (Valdosta).  These 
producers  all  serve  a  larger  commercial  market  dian  their  military  market 

The  replacement  of  vented  nickel  cadmium  batteries  with  sealed  nickel  cadmium  batteries 
in  commercial  and  general  aviation  aircraft  will  irrcrease  sales  in  the  near  to  rttid  term  fca*  die  nickel 
cadmium  market  The  Air  Force  is  working  to  retrofit  vented  nickel  cadmium  batteries  with  sealed 
nickel  cadmium  batteries  in  the  B-52,  FI  6,  and  E8  AWACS  aircraft.  The  F18  will  use  sealed  lead 
acid  batteries. 
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As  defense  dollars  and  programs  decrease  and  the  life  of  nickel  cadmium  batteries  is 
in^noved,  there  will  be  decreased  demand  in  the  kmg  term  for  these  batteries.  These  sealed  nickel 
cadmium  batteries  are  stored  easily  (in  a  discharged  state),  have  a  long  shelf  life,  and  a  long  service 
life.  Therefore,  the  services  will  require  fewer  sealed  nickel  cadmium  batteries  due  to  these 
advances. 

Though  military  demand  will  decrease,  commercial  demand  will  remain  relatively  stable. 
The  projected  business  climate  is  good,  with  three  healthy  sui^liers  atKl  full  dual  use  curabilities. 

Nickel  metal  hydride  batteries  are  being  studied  as  a  potential  replacement  fen-  smne  nickel 
cadmium  batteries.  Nickel  metal  hydride  batteries  have  not  yet  reached  maturity  but  are  crxisidered 
to  offer  increased  performance  and  decreased  manufacturing  cost  compared  to  nickel  cadmium 
batteries.  The  absence  of  cadmium  also  is  a  significant  environmental  advantage.  Primary  use  of 
these  batteries  currently  is  for  powering  personal  notebook  computers.  These  batteries  are  not  yet 
available  excqrt  in  »n«ll  sires  at  higb  cost 

Magnesium  Batteries 

Magnesium  manganese  dioxide  batteries  ne  an  old  chemistry  with  limited  qrplications  arrd 
no  stremg  foothold  in  either  the  military  or  commercial  marketplace.  The  Navy  uses  magnesium 
batteries  for  mines  and  the  Army  uses  them  as  a  lower  cost  alternative  to  lithium  batteries  for 
portable  electronics  during  training  exercises.  (Commercially,  these  batteries  are  used  for 
emergency  locator  beacon  ajqrlicatitHis  and  odier  portable  electrcmic  qrplicatiais.  The  commercial 
demand  for  these  batteries  dominates  the  market 

There  are  two  North  American  suppliers  of  magnesium  batteries  to  the  military.  ACR 
Electronics  is  the  single  manufacturer  of  magnesium  batteries  in  support  of  the  Navy's  Captor 
mine.  Rayovac  sell  its  commercial  line  batteries  to  CE(COM  for  the  Army's  portable  electronics 
equipment 

Presently,  the  market  for  the  magnesium  batteries  is  stable.  This  chemistry  will  continue  to 
be  used  in  limited  fashion  and  will  eventually  be  replaced  with  new,  longer  lasting  primary 
chemistries. 
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Battery  Industrial  Base  Management  Conclusions 

The  ^sign  of  military  systems  often  does  not  consider  power  sources  or  battery  systems 
early  in  the  process.  This  leads  to  the  specificatimi  of  military-unique,  system-unique  battery 
sources  that  can  be  cosdy  for  manufacture  and  support  This  design  process  and  battoy  selection 
should  be  an  integral  part  of  the  system  design  process  enabling  designers  to  ciq)italize  on  dual  use 
chmustiies,  standardize  the  selection  of  batteries,  and  decrease  the  proliferation  of  military-unique, 
system-unique  batteries. 

The  National/NATO  Stock  Number  (NSN)  assignment  system  is  not  efficient  or  well- 
maintained.  Currently,  the  U.S.  has  an  estimated  3,500  battery  NSNs,  and  Canada  has  over  600. 
In  addition  identical  batteries  from  the  same  suppliers  often  have  diffnent  NSNs  ammig  military 
Services  or  between  the  U.S.  and  Canada.  The  process  of  cataloguing,  tracking,  and  assigning 
NSNs  needs  serious  anentkm  to  improve  its  effectiveness. 

Related  to  the  NSN  issue  is  the  lack  of  a  complete,  well-utilized,  accurate  database  of 
batteries  throughout  the  military.  Such  a  tracking  tool  could  drastically  aid  in  reducing  the 
proliferaticm  of  unique  batteries,  reducing  the  duplication  of  NSNs,  and  serving  as  a  designers' 
tool  for  standardizing  families  of  batteries  for  particular  families  of  systems.  Currently  several 
databases  include  information  like  battery  chemistry,  configuration,  power  specifications,  and 
physical  specificaticms,  tnit  these  databases  are  ncrt  fiilly  pt^ulated,  not  conqrletely  accurate,  and 
not  fully  utilized  by  the  targeted  audience. 

The  procurement  processes  and  strategies  of  the  U.S.  military  and  Canadian  DND  can  be 
mote  cost  effective  than  they  are  today.  There  currently  are  no  joint  purchasing  programs  between 
the  Services  or  with  the  DND.  Each  organization  handles  procurements  individually  with  litde  or 
no  coordination.  In  a  number  of  instances,  the  same  batteries  are  being  procured  from  the  same 
tnanufacturar.  The  Services  and  the  DND  can  likely  decrease  unit  costs  by  purchasing  larger 
quantities  in  a  joint  procurement  program. 

The  battery  maintenance  procedures  within  the  militaiy  organizations  could  be  updated,  and 
training  of  persotmel  could  reduce  maintenance  costs.  Many  battery  chemistries  require  standard, 
periodic  maintenance  that  perpetuate  the  life  of  the  battoy.  If  these  maintenance  procedures  <x  time 
intervals  are  not  followed,  battery  life  decreases,  resulting  in  uruiecessary  maintenance  or 


replacement  costs.  Several  military  organizations  expressed  concern  that  these  procedures  are  not 
always  accurate  and  that  lecommoided  time  intervals  for  maintenance  are  not  always  followed. 

The  battery  sector  does  not  regard  compliance  with  environmental  regulations  as  a 
competitive  concern.  Battery  manufacturers  accept  environmental  safety  procedures  as  standard 
operating  pracdces.  Some  nxne  enviremmentally  unfriendly  batteries  are  experiencing  pressure  to 
terminate  their  use,  and  some  batteries,  namely  mercury  and  those  including  a  cadmium 
conqxment,  wiU  be  phased  out  in  the  future. 

Battery  Industrial  Base  Management  Short  Term  Recommendations 

The  U.S.  and  Canadian  governments  currently  do  not  have  a  procurement  program  that 
encourages  joint  battery  purchases  anoong  the  U.S.  Services  or  between  the  U.S.  and  Caiuidian 
military.  Since  this  joint  procurement  process  could  decrease  the  unit  cost  of  batteries,  the  two 
governments  idiould  institute  such  a  procurement  program. 

Defense  cutbacks  have  drastically  decreased  the  production  demand  for  many  battery  types, 
and  not  all  suppliers  are  positioned  to  maintain  rrumufacturing  lines  frn*  stop-and-go  production. 
The  military  organizations  should  attempt  to  spread  die  demand  requirements  over  longer  periods 
of  time  when  it  lyipears  future  demand  will  be  reduced.  This  low  rate  production  allows  suppliers 
to  maintain  the  particular  manufacturing  curability  during  periods  when  that  particular  production 
need  is  doubtful. 

The  lack  of  communication  between  military  organizations  and  battery  suppliers  ctxiceming 
battery  procurement  plans  and  requiremoits  is  a  problem.  The  U.S.  and  Canadian  governments 
should  improve  these  communication  efforts  to  allow  suppliers  to  plan  more  effectively  and 
maintain  production  stability.  Advances  in  electronic  commerce,  such  as  the  use  of  electronic 
boU^in  boards,  can  facilitate  cormnunication  of  future  battery  procurements. 

An  effective  way  to  reduce  lifecycle  costs  of  batteries  is  to  reduce  the  costs  of  standard 
maintenance  operations.  Currently,  the  maintenance  procedures  for  weapon  systems'  batteries  are 
not  completely  up-to-date  or  accurate;  the  military  Services  and  DND  ^ould  update,  improve,  or 
renew  these  standard  maintenance  procedures  and  training  procedures  of  the  posonnel  responsible 
for  preventative  maintenance. 
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Battery  Industrial  Base  Management  Long  Term  Recommendations 

Since  the  battery  NSNs  across  the  military  services  and  the  Canadian  DND  are  no; 
standardized  and  much  duplication  exists  for  similar  battery  configurations,  the  two  government: 
should  institute  a  thorough  parsing  of  these  NSNs  and  determine  the  corrections  and  strehmlinuig 
that  are  required.  During  this  process,  the  accurate,  efficient  NSN  assignments  should  be  collected 
into  a  joint  database  that  includes  categories  of  NSNs  and  information  concertting  the  battery 
qrecifications. 

Using  the  NSN  database  or  a  similar  database  as  its  basis,  a  designers'  tool  should  be 
created  that  facilitates  battery  selection  using  parameters  such  as  configuration,  power 
specifications,  physical  specifications,  manufacturers,  contacts,  and  applications.  This  database 
will  allow  the  targeted  users  •  system  designers,  Project/Frogram  Managers,  and  procurement 
perstxuiel  -  to  access  a  complete  database  of  existing  batteries  in  order  to  select  a  power  source  that 
will  meet  new  system  requirements. 

A  step  beyond  the  designers'  tool  is  the  creation  of  families  of  batteries  that  are  chemistries 
and  configurations  specific  to  particular  application  types.  These  families  will  help  to  ccHitrol  the 
proliferation  of  chemistries  and  configurations  used  on  particular  systems  and  will  allow  new 
batteries  in  the  families  to  be  designed  with  similar  parameters  and  specifications.  These  families 
could  be  incorporated  within  the  designers'  tool  described  above. 

Military  specifications  and  standards  that  govern  the  design  and  manufacturing  processes  of 
different  batteries  are  often  out-of-date  and  not  followed  strictly.  A  jtnnt  revision  of  Mil-Specs  and 
the  relaxation  of  unnecessary,  over-burdoisome  specifications  will  allow  manufacturers  to  increase 
dieir  dual  use  production  ctqrability  and  thus  increase  tiieir  stability. 

Multiple-year  contracting  allows  suppliers  to  maintain  particular  manufacturing  capabilities 
with  the  assurance  that  future  periods  of  production  are  likely.  Since  this  type  of  working 
relationship  would  prove  cost  effective  to  both  the  military  organizations  and  the  suppliers,  the 
military  should  attempt  to  create  these  multiple-year  contracts  wherever  necessary  to  ensure  the 
production  base. 

Finally,  since  the  above  recommendations  cover  a  variety  of  issues  and  a  variety  of  areas, 
the  U.S.  and  Canadian  governments  should  create  a  joint  function  to  oversee  the  planning, 
iiiq)lementation,  and  progress  of  the  efforts  made  to  inqnove  the  battery  industrial  base. 
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NORTH  AMERICAN  DEFENSE  INDUSTRIAL  BASE  ORGANIZATION 
JOINT  BATTERY  SECTOR  STUDY 


1.0  PURPOSE 

The  purpose  of  this  study  was  to  conduct  an  industrial  base  assessment  of  the  North 
American  battery  industry  sector  and  to  rectxnmend  a  cost  effective  strategy  for  meeting  future 
military  battery  needs.  This  report  addresses  the  ability  of  the  sector  to  remain  viable  and  advance 
in  the  current  and  projected  economic  environment  It  also  investigates  how  the  different 
organizaticns  involved  in  this  study  can  work  together  to  enhance  the  level  of  joint  effort  to  sustain 
die  healdi  d  die  markeplace. 

2.0  OBJECTIVES  AND  REPORT  STRUCTURE 
2.1  Objectives 

This  study  assesses  die  long  term  health  of  the  North  American  militaiy  battery  production 
base.  The  objecdve  of  the  repcxt  is  to  discuss  die  following  issues: 

•  Batteries  and  battery  chemistries  that  militazy  systems  use  today; 

•  U.S.  and  Canadian  production  cipabilides  relative  to  these  chemistries; 

•  Battery  techndogy  trends  and  research  and  development  programs  regarding  current  and 
future  militaty  battery  systems; 

•  The  current  arid  projected  business  cliinate  for  producers  (rfinilitaiy  batteries; 

•  Marke^laoe  issues  and  crmcems. 

This  horizontal  assessment  identifies  batteries  that  have  commercial  applications, 
commercial  batteries  meeting  DrJ)  needs,  and  batteries  that  meet  unique  military  requiremeats.  l! 
also  identifies  battoy  chemistries  that  may  cease  production  and  discusses  the  impact  of  this  loss 
and  the  potential  of  new  or  next  gener^tkm  battery  chemistries  to  fill  die  void. 

The  study  identifies  curmit  problems,  the  oudcxik  for  the  indusny,  areas  of  joint  Service 
and  Gan^ian  cooperation,  areas  of  compatibility,  duplicative  effcnts,  and  potential  botdenecks. 
from  this,  the  study  provides  reconomendations  for  managing  batteries  within  the  military, 
investing  in  battery  technology,  and  overcoming  identified  problans.  The  report  outlines  ccmcreto 
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initiatives  for  inqiroving  die  battery  industry  sector,  employing  commercial  batteries  to  the 
tnajrimmn  extent,  and  enhancing  joint  activity. 

2.2  Report  Structure 

Section  3.0  oi  the  report  defines  the  scope  of  the  study.  Sectimi  4.0  highlights  the 
background  of  die  formadon  of  the  NADIBO  Joint  Sector  Study  Working  Group  and  the  selection 
of  batteries  as  die  first  study  to  be  undertaken  this  group.  Section  5.0  then  describes  the 
mediodology  that  was  used  to  conduct  the  study. 

Sectkm  6.0  provides  a  technical  descripticm  of  the  battery  sector.  It  gives  a  generic 
definition  of  cell  and  battery,  discusses  the  various  components  that  make  up  a  battery,  breaks  out 
die  classification  of  batteries  by  primary  (non-rechargeable)  and  secondary  (rechargeable),  and 
describes  eadi  battery  family  by  chemistry.  This  section  also  explains  the  basics  of  how  cell 
omifiguratUMis  ate  manufiictuied  and  repackaged  and  describes  the  battery  chemistries  and  their 
reqiective  properties. 

Section  7.0  outlines  current  battery  production  across  North  American  industry  and 
describes  the  production  and  demand  trends  in  die  military  and  commercial  battery  arena.  This 
includes  a  desorqition  of  battery  manufacturing  companies  across  Nordi  America  and  their  current 
and  future  business  expectati<»s.  This  section  also  describes  production  changes  in  which 
particular  battery  producers  may  be  involved. 

Section  8.0  addresses  the  research  and  (tevelofmient  initiatives  urxterway  in  the  industrial 
battery  marke^ilaoe.  It  discusses,  by  chemistry,  trends  or  changeovers  of  certain  technologies  and 
chemistries  and  describes  the  latest  research  and  develcqiment  programs  attempting  to  define  the 
future  battery  matke^lace. 

Section  9.0  provides  an  assessment  of  the  battery  marketplace.  It  discusses  the  overall 
health  of  die  North  American  batteiy  arena  and  the  individual  health  of  each  chemistry.  This 
section  cites  single  source  battery  dependracies  and  discusses  viabilities  and  vulnerabilities  of  the 
batteiy  markeqilace  as  cooqiated  to  erqiected  future  demands  and  trends. 

Section  10.0  summarizes  the  information  gathered  in  the  previous  sections  and  presents 
genenl  conclusions  about  die  different  battery  chemistries'  health  and  market  presence.  It  also 
provides,  for  each  battery  chemistry,  recmnmendaticms  to  create  a  successful,  long  range,  cost 
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effective  strategy  for  meeting  future  military  battery  needs  and  enhancing  joint  activity.  The 
strategy  includes  dual  use  considerations  between  military  and  commercial  batteries  and 
manufacturing  facilities  and  battery  chemistry  changeovers  into  the  next  century. 

3.0  SCOPE 

This  study  entails  the  coUection  and  analysis  of  technical,  business,  and  policy  information 
related  to  battery  capabilities  and  trends  within  the  U.S.  and  Canada.  It  provides  a  representative 
view  of  military  batteiy  chemistries  and  battery  manufacturers. 

The  reptvt  presents  battery  manufacturers  that  produce  military  batteries  or  both  military 
and  commercial  batteries,  but  it  discusses  the  production  scenarios  of  these  c(»q)anies  as  they 
affect  the  military  batteiy  industrial  base.  It  (kies  not  address  the  commercial  battery  market  except 
where  military  manufacturers  also  have  commercial  product  lines.  The  study  is  ikx  concerned  with 
off-the-shelf  batteries  in  the  retail  maritet  such  as  alkalines,  butttm  cells  for  ^plications  such  as 
wiistwatches  and  calculators,  or  otho’ common  (xxnmercial  batteries. 

The  repon  covers  seven  battery  chemistry  gimips:  themoal,  lithium,  mercury,  silver,  lead 
acid,  luckel  cadmium,  and  magnesiutiL 


3 


4.0  BACKGROUND 


The  North  American  Defense  Industrial  Base  Organization  (NADIBO)  is  chartered  to  foster 
co(^)erative  planning  and  defense  industrial  base  program  develc^ment  between  the  U.S.  and 
raniiHa  With  this  mission,  the  NADIBO  has  completed  successfully  several  sector  studies.  In 
March,  a  group  of  technical  representatives  frexn  the  U.S.  Military  Services  and  their  Canadian 
counterparts  met  to  identify  and  prioritize  cooperative  sector  study  c^portunities,  culminating  in  the 
development  of  a  list  of  sectors  feasible  for  joint  study.  By  examining  together  a  sector  of  mutual 
interest,  thcfe  organizations  determined  duu  they  could  cost  effectively  ciqiture  die  critical  industrial 
base  informadcMi  they  need  to  ctuiduct  industrial  base  planning  to  meet  current  and  future  operation 
requirements.  Through  this  initiative,  comttKMi  areas  which  could  be  assessed  jointly  were 
avoiding  a  duplicatimi  rfeffmt  and  ci^italizing  on  scarce  resources.  Areas  that  were  of 
joint  interest  to  the  group  were  batteries,  thermo  electric  coolers,  gallium  arsenide,  radar,  and 
passive  sensors.  The  battery  sector  was  rated  the  highest  priority  since  it  is  prevalent  throughout 
all  military  systems  and  there  is  ctuicere  abcrat  the  future  ability  of  the  industry  to  meet  sudden 
increases  in  donands  and/or  to  regenerate  inventory. 

The  NADIBO  battery  sector  study  represents  a  unique  initiative  to  involve  all  Services,  die 
Defense  Logistics  Agency,  and  the  Department  of  National  Defence  in  a  cooperative  effort  to 
investigate  an  industrial  sector  as  it  affects  the  U.S.  and  Canadian  fences.  The  NADIBO  Joint 
Battery  Sector  Study  Working  Group  was  established  to  ccmduct  this  effort 

This  group  consists  of  members  fixim  the  Production  Base  Directorate  of  the  Office  of  the 
Assistant  Secretary  of  Defense;  the  U.S.  Army  Industrial  Engineering  Activity;  the  U.S.  Army 
Missile  Command;  the  U.S.  Army  Communications  and  Electronics  Command;  the  Productivity 
Branch,  Industrial  Base  Analysis  Division,  Manufacturing  Technology  Directorate,  Wright 
Laboratory,  Wright  Patterson  Air  Force  Base,  U.S.  Air  Force;  the  NA  VSEA  Shipbuilding  Support 
Office;  the  Naval  Surface  Warfare  Center,  Crane  Division;  the  Naval  Surface  Warfare 
Crtiter/Dahlgren  Division;  the  Marine  Corps;  dte  Defense  Logistics  Agency;  the  Federal  Emergency 
Management  Agency;  the  Bureau  of  Mines  of  the  U.S.  Department  of  the  Interior,  and  the 

Canadian  Department  of  National  Defence  and  the  Chief  Research  and  Development  (CRAD).  Hie 

stutfy  was  officially  kicked  off  in  Sqitetnber  of  1993. 


4 


5.0  METHODOLOGY 


To  conduct  the  battery  industrial  base  study,  a  clear,  concise,  and  well  defined 
methodology  was  required  to  effectively  survey  the  industry  and  develt^  an  objective  view  of  the 
entire  sectOT,  including  military,  commercial,  foreign,  political,  and  academic  perspectives.  The 
data  collected  and  analyzed  for  this  study  were  drawn  from  past  reports  on  batteries,  ccmference 
proceedings,  journal  articles,  and  discussions  with  U.S.  and  Canadian  representatives  ff(»n 
industry,  government,  and  academia.  Appendix  A  contains  a  material  database  noting  the 
information  sources  used  for  this  study. 

The  study  group  develtqied  a  site  selection  criteria  matrix  to  identify  the  most  important 
sites  to  visit  The  matrix  listed  battery  producers,  their  location,  the  commercial  and  military 
battery  types  they  produce,  their  unit  and  sales  volume,  the  percentage  of  business  devoted  to 
military  work,  the  percentage  of  business  devoted  to  commercial  work,  and  their  customers.  This 
matrix  is  included  as  Appendix  B.  The  study  group  first  selected  sites  that  would  provide  coverage 
of  the  battery  chemistries  and  types.  Where  there  were  multqile  siqiplias  of  the  same  battery  type, 
selection  was  based  (xi  volume  and  business  with  the  individual  Services,  taking  into  account 
market  ruche,  emerging  and  evolving  battery  techrx>logies,  battery  triplications,  product  technology 
development,  research,  development,  testing  and  evaluation,  and  system  inqiact  Sites  then  woe 
organized  geographically  so  that  trips  could  be  scheduled  efficiently.  Appendix  C  lists  sites  visited 
and  contacted. 

Other  facilities  in  the  battery  arena,  such  as  testing  and  academic  R&D  laboratories,  were 
identffied  and  selected  in  ccmjunction  with  the  Battery  Working  Group  separate  from  the  site 
selection  process.  Decisions  were  based  on  level  of  battery  research  activity,  specific  areas  of 
concentratimi,  and  particular  areas  of  expertise. 

When  it  was  determined  that  an  industry,  university,  or  government  site  was  not  to  be 
visited,  a  more  extensive  phone  interview  was  conducted.  The  study  group  prepared  data 
collection  guidelines  to  facilitate  obtaining  data  from  all  points  of  ccmtact  either  through  telepluxie 
interviews  and/or  site  visits.  Two  separate  packages  were  prepared  -  one  for  numufacturers/ 
suppliers  and  one  for  research  and  development  facilities.  These  are  included  in  this  report  as 
Appendix  D  and  E. 

Site  visits  were  conducted  in  five  regional  trips:  Midwest,  West  Coast,  Southeast, 
Northeast,  and  Southeast  Canada.  Prior  to  each  regional  trip,  phone  interviews  were  conducted 
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with  idmtiiied  representatives  fixm  the  region  to  collect  preliminary  background  inftmnation  on 
each  site  to  be  visited.  A  one  page  program  overview  and  data  collection  guideline  package  was 
forwarded  to  each  site  prim  to  the  visit  to  provide  the  organization  with  an  understanding  of  the 
goals  of  the  battery  sector  study  and  the  type  of  information  being  sought. 

Site  visits  began  by  providing  site  personnel  with  an  overview  of  the  battery  study; 
information  on  how  and  why  the  NADIBO  selected  the  battery  sector  to  study;  the  goals, 
objectives,  and  scope  of  the  study;  the  esdmared  coirpletion  date  of  the  study;  and  the  basic  goals 
and  objectives  of  die  site  visit  During  each  site  visit  specific  infocmatioa  was  collected  regarding 
the  mganizadmi's  activities  within  the  industry,  dieir  financial  viability,  dieir  current  research  and 
devek^nnent  activities,  and  their  t^nnicms  on  techndogy  trends,  healdi  of  the  industry,  current  and 
potential  problems,  impediments  to  industry  advancement  and  steps  to  maintain  the  sector's 
continued  viability  and  advancenoent 

Data  collected  from  relevant  documents,  site  visits,  and  phtme  interviews  were  analyzed 
and  incorpoated  into  a  report  This  report  functioned  as  a  working  documrat  throughout  die  data 
collectimi  phase  of  this  study  and  served  as  an  infmmation  database  for  the  completion  of  this 
document 
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6.0  TECHNICAL  DESCRIPTION  OF  THE  BATTERY  SECTOR 


This  sectkm  provides  a  technical  description  of  the  batteiy  sector.  It  includes  a  deHnidcMi  of 
a  battery  and  descriptions  of  selected  battery  chemistries  important  to  military  implications.  For 
each  battery  chemistry,  a  description  of  the  intonal  chemical  reactions  during  charge  and  discharge 
is  provided  along  with  advantages  and  disadvantages  of  the  specific  battery  chemistry.  A 
description  of  manufacturing  processes,  cell  configurations,  and  battery  properties  is  also 
provided. 

6.1  Battery  Definition  and  Characteristics 

A  battery  is  a  device  that  converts  chemical  energy  contained  in  its  active  materials  directly 
into  electrical  ena^  by  means  of  an  electrochemical  oxidation-reduction  (redox)  reactim.  A  redox 
reactitm  involves  the  transfer  of  electrons  from  one  material  to  another. 

Oxidation  is  defined  as  the  removal  of  electrons  from  an  atom  or  group  of  atoms  while 
reduction  is  the  additkm  of  electrons  to  an  atom  ot  group  of  atoms.  Oxidatirm  occurs  at  tire  anode; 
it  gives  up  electrons  to  the  external  electrical  circuit  Reduction  occurs  at  the  cathode;  it  accepts 
electrons  fiom  the  external  dectrical  circuit 

When  a  battery  stands  idle  after  discharge,  chemical  and  physical  changes  tate  place  which 
can  result  in  voltage  recovery.  Thus  the  voltage  of  a  battery  which  has  dropped  during  a  heavy 
discharge  will  rise  after  a  rest  period. 

The  terrmerature  at  which  die  battery  is  discharged  has  a  significant  effea  on  its  service  and 
voltage  characteristics.  This  is  due  to  the  reduction  in  chemical  activity  and  to  the  increase  in  the 
internal  resistance  of  the  battery  at  lower  terrmeratures. 

Power  density  refers  to  the  amount  of  power  per  unit  weight  or  per  unit  volume.  For 
batteries,  this  measurement  is  expressed  in  either  watts  per  kilogram  (W/kg)  or  watts  per  liter 
(WAX  These  units  are  an  inq)ortant  figure  of  merit  for  portable  and  transportable  systems. 

Batteries  are  a  perishable  product  and  deteriorate  as  a  result  of  chemical  action  that  occurs 
during  storage.  The  shelf  life  of  the  battery  is  a  function  of  the  type  of  battery,  design,  and 
chemical  composition,  but  since  self-discharge  proceeds  at  a  lower  rate  at  reduced  temperatures, 
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refiigentted  stonqje  extends  die  sbelf  life.  However,  refrigmted  batteries  should  be  wanned 
before  dtachaige  to  obtain  maxiinum  c^Mcity. 

6.2  Battery  Components 

The  basic  unit  oi  a  battery  is  the  cell.  A  battery  contains  cme  or  more  cells  ccxinected  in 
series,  parallel,  or  series-parBllel,  as  shown  in  Figures  6-1,  6-2,  and  6-3.  Their  configuratioo 
detenmnes  die  ou^ut  voltage  and  opanty.  Battery  discharge  rate  is  usually  expressed  in  terms  of 
"C  rate.  Discharge  rate  has  the  units  of  anqieres.  C  is  die  battery  capacity  in  units  of  anqpere- 
hours  (Ah).  The  discharge  rate  is  expressed  as  die  number  of  hours  required  for  complete 
discharge  divided  into  die  measured  (or  rated)  capacity.  Hgure  6-4  depicts  the  conqxments  and 
operadon  of  a  battery. 


HHHHHHi-'  I 

Figure  6-1.  Battery  Cdls  in  Series 


Figure  6-2.  Battery  Cells  in  Parallel 


Figure  6-3.  Battery  Cells  in  Series-Parallel 
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Figure  4MI.  Battery  Components  and  Operation 


Cells  arranged  in  a  parallel  configuration  provide  increased  current  Cells  arranged  in  a 
series  configuratkm  provide  a  voltage  higher  than  the  individual  cell  voltage.  Cells  connected  in  a 
series-parallel  configuration  are  used  when  the  desired  voltage/cunent  combinatkm  is  not  available 
in  individual  series  or  parallel  cmifigurations. 

The  terms  battery  and  cell  are  often  used  interchan^bly.  A  cell  is  the  actual  composition 
of  an  anode,  cathode,  electrolyte,  and  separator.  A  battery  is  the  ccmibination  of  cells  or  an 
individoal  cell  (e.g.,  alkaline  D  cell  battery). 

There  are  tiuee  major  coo^KHients  of  a  cell: 

(1)  Electrodes.  The  electrodes  are  tlw  heart  of  die  cell.  A  cell  has  a  positive  and  a 
negative  electrode.  The  electrodes  are  conqiosed  of  smoe  type  of  structural  member  (the  grid),  a 
current  collector  to  oxiduct  the  current  to  and  fiom  die  electrode,  and  an  active  material  for  die 
oxidation-reduction  reactkm.  The  electrodes  direcdy  determine  the  capacity  and,  usuaUy,  die  life  to 
be  adiieved  by  the  celL 

The  positive  electrode  accepts  electrons  fiom  the  extenud  circuit  This  is  where  the 
reducticm  reaction  takes  place  during  dischar;^.  The  negative  electrode  gives  up  electrcms  to  the 
external  dicuit  This  is  where  the  oxidation  reaction  takes  place  during  disdiarge. 

The  cell  is  usually  constructed  with  multiple  positive  plates  connected  in  parallel  and 
multiple  negative  plates  also  ccainected  in  parallel  with  adequate  separatitHi  between  interleaved 
positive  and  negative  plates.  This  type  of  design  minimizes  cell  internal  electrical  resistance  in 
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Older  to  imwimize  power  capability  at  good  ai]:q)ere-hour  yields  and  provides  for  a  conqtact 
gecKoetfic  form. 

(2)  Electrolyte.  The  function  of  the  electrolyte  is  to  cany  electric  current  between  the 
sites  of  the  reduction  reactitm  and  the  oxidation  reaction  by  means  of  charged  particles  called  ions 
when  an  external  electron  path  is  provided  between  the  two  reactants. 

The  electrolyte  is  the  ionic  amductor;  it  is  the  medium  for  transfer  of  elections,  such  as 
itms,  inside  the  cell  and  between  the  electrodes.  The  electrolyte  is  usually  in  the  form  of  liquid, 
solid,  or  gel. 

(3)  Separator.  The  separator  is  a  potihis  membrane  placed  between  the  electrodes  to 
prevent  die  electronic  omtact  of  the  electrodes.  If  plates  make  cmtact,  electrons  flow  direedy  from 
the  negative  to  the  positive  plate;  the  cell  becomes  internally  short-circuited  and  cannot  produce 
outside  electrical  energy.  The  separator  must  have  the  ciqiability  of  permitting  ionic  flow  or 
electrical  current  cannot  flow.  There  must  be  a  coiiqilete  electrical  circuiL 

ti.3  Classification  of  Batteries 

6.3.1  Classification  by  Storage  Capability 

There  are  three  battery  charge  storage  classifications:  primary,  primary  reserve,  and 
secondary. 

6.3.1. 1  lYimary  Batteries 

Primary  batteries  cannot  easily  be  recharged  electrically  and  are  therefore  known  as  non- 
rechargeable  batteries.  They  are  discharged  once  and  discarded.  Primary  batteries  are 
characterized  by  good  shelf  life,  high  energy  densities,  low  maintenance,  and  ease  of  use.  Primary 
batteries  most  often  used  in  military  applications  include  dry  cells,  thermal,  lithium,  and  scxne 
magnesium. 

6.3.1.2  Primary  Reserve  Batteries 

Primary  reserve  batteries  differ  foom  primary  batteries  in  that  a  key  component  is  separated 
from  the  test  of  the  battery  until  it  is  activated.  The  key  component  diat  is  isolated  is  usually  the 
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ekctndyte.  This  type  of  battery  is  capable  of  long-term  storage  and  can  withstand  environmentally 
severe  storage  requirements.  Reserve  batteries  are  used  primarily  to  deliver  high  power  for 
relativdy  short  time  periods  after  activation  and  are  often  an  integral  conqxxient  of  an  end  item  and 
cannot  be  rq}laoed. 

Primary  reserve  batteries  are  activated  by  adding  the  missing  ctxnponent  just  prior  to  use. 
In  a  sinqile  design,  this  is  done  by  either  manually  pouring  the  electrolyte  into  the  cell  or  placing 
the  battery  into  the  electrolyte.  In  more  sophisticated  designs,  the  electrolyte  sttxage  and  the 
activation  mechanism  are  contained  within  the  same  battery  structure.  Once  the  activation 
mechanism  is  engaged,  the  electrolyte  is  automatically  brought  into  contact  with  the  active 
cmiqKHients. 

6.3.1.3  Secondaiy  Batteries 

Seomdary  batteries  can  be  recharged  electrically  after  discharge  to  their  original  condition, 
thus  being  termed  rechargeable  batteries.  This  is  acctmqrlished  by  passing  current  fttnn  a  power 
source  through  die  battery  in  the  opposite  directitMi  of  the  discharge  current  Secondary  batteries 
are  characterized  by  high  power  density,  high  discharge  rate,  rechargeability,  and  good  low- 
tenq;>etature  performance.  Two  types  of  rechargeable  batteries  most  commonly  used  in  military 
aiqrlications  are  lead  acid  and  nickel  cadtruum. 

Table  6-1  presents  battery  characteristics  specific  to  rechargeable  and  non-rechargeable 
battery  types. 


Chazacteiistic 

Rechargeable 

Non-Rechaigeable 

Cycling 

X 

Long  Life 

X 

Low  Cost 

X 

X 

Low  Weight 

X 

Low  Maintenance 

X 

Table  6-1.  Battery  Characteristics 


6.3.2  Classification  by  Cbemistry 


The  following  sections  discuss  the  seven  common  chemistry  families  as  discussed 
throughout  this  report:  thermal,  lithium,  mercury,  silver,  lead  acid,  nickel  cadmium,  and 
magnesium. 

6.3.2. 1  Ihennal 

Thermal  batteries  are  a  type  of  reserve  primary  battery.  They  employ  a  molten  salt 
electrolyte  which  is  solid  at  ambient  tenqieratures  when  the  battery  is  inactive;  in  this  state,  the 
electrolyte  is  ntmcraducting  and  the  battery  is  inert.  The  cell  is  activated  heating  it  to  a 
temperature  high  enough  to  melt  the  electrolyte  permitting  the  flow  of  current  The  battery  can  be 
stmed  for  periods  of  1 0  plus  years  in  an  inactive  state  but  tire  operatxHi  life  of  die  tiiermal  battery  is 
short  The  solid  electrolyte  protects  the  active  cell  cooqxments  from  corrosion  and  self-discharge 
during  storage.  Thermal  batteries  are  classified  as  reserve  batteries  for  die  above  reasons. 

Hgure  6>S  shows  die  configuration  of  a  lidiiom-iron  disulfide  thermal  battery  cell.  It  is 
composed  of  diin,  circular  wafers  arranged  in  layers: 

1.  an  anode  wafer  crflidiium  alloy  as  the  negative  electrode 

2.  an  electrolyte/separator  wafer  of  mcdten  salt  mixed  widi  an  inorganic  gelling  agent 

3.  a  catholyte  wafer  of  iixm  disulfide  mixed  with  seme  electrolyte  as  die  positive  electrode 
(cadiode) 

4.  a  pyrotechnic  heat  source  wafer  of  iron  powder  mixed  with  potassium  perchlorate  which 
(xdlects  current  on  die  cadiode 


Figure  6-5.  Lithium  Iron  Disulfide  Thermal  Battery  Configuration 


The  powdered  materials  are  compressed  to  f(xm  the  wafers.  The  electrolyte  is  composed 
of  an  eutectic  mixture  lithium  chloride  and  potassium  chloride  salts.  The  thermal  cells  are  placed 
in  hermetically  sealed,  steel  battery  cases  to  provide  protection  from  humid  air  during  storage.  The 
hermedcity  of  this  seal  is  a  critical  determinant  ol  the  shelf  life  of  thermal  batteries.  The  cells  of  the 
battery  are  arranged  in  series  and  are  surrounded  by  fibrous  ceramic  insulation. 

6.3.2.2  lithium  Family 

Lithium  batteries  use  lithium  metal  as  the  negative  (anode)  active  material.  The  type  of 
lithium  battery  is  determined  by  the  positive  electrode  (cathode)  active  material.  There  are  four 
main  types  of  lithium  primary  batteries: 

•  solid  catiiode 

•  liquid  cathode 

•  solid  electrolyte 

•  reserve 

Solid  cathode  cells  use  a  solid  positive  active  material  and  an  (vganic  electrolyte.  These 
cells  are  manufactured  in  the  coin  and  cylindrical  ccHifigurations.  Lithium  thionyl  chloride  and 
lithium  sulfur  dioxide  cells  use  a  liquid  catiiode  material.  The  liquid  cathode  material  serves  as  the 
active  cathode  material  and  as  the  solvent  for  the  electrolyte.  They  are  manufactured  mainly  in 
cylindrical,  bobbin,  prismatic,  and  spiral-wnq)  configurations.  Solid  electrolyte  batteries  are 
ctxnposed  of  solid  components  and  a  solid  ion  conducting  electrolyte.  These  types  of  electrolytes 
offer  low  conductivity  conqnred  to  most  liquid  electrolytes. 

Special  attention  is  given  to  the  design  and  use  of  the  lithium  battery  because  it  contains 
materials  that  are  potentially  flammable  and  toxic.  Properly  designed  cells  are  equipped  with  safety 
vents  which  release  gases  when  the  cells  reach  hi^  teriqreratures  and  pressures — ^preventing 
explosive  damage.  Vents,  however,  are  used  only  on  high  discharge  rate  cells;  low  and  medium 
rate  cells  do  not  require  vents.  Lithium  batteries  offer  several  favorable  features  such  as; 

•  long  shelf  life 

•  good  high  and  low  tenqierature  petformanoe 

•  high  power  density 

•  high  voltage 

•  light  weight 


There  are  sevenl  Qrpes  oi  primaiy  and  secondary  liduum  batteries  used  currently  in  militaiy 
qipUcatians  or  used  as  prototype  batteries  in  odier  tyrplications: 

•  hthiuin  sulfur  dioxide 

•  liduum  manganese  dioxide 

•  liduum  duonyl  chloride 

•  htfaiumioo 

These  batteiy  types  are  discussed  in  die  following  sections. 

6.3.2.2.1  liduum  sulfur  dioxide 

The  Utfaium  sulfur  dioxide  (LiS02)  battery  is  the  most  common  and  well-developed  lithium 
primaiy  cell.  The  batteiy  is  constructed  d  a  lithium  (Li)  anode,  a  sulfiir  dioxide  (S(32)  cathode, 
and  acetomtrile  and  lidiium  bromide  as  die  electrolyte.  The  cdl  reaction  is  as  follows: 

2U  +  2S02  — >  U2S2O4 

The  cell  is  typically  fabricated  in  a  cylindrical  structure.  A  "jelly-roir  configuration  is 
used,  made  by  spirally  winding  strips  of  lithium  ribbon,  a  polypropylene  separator,  and  the 
cathode  electrode.  This  design  provides  die  high  surface  area  and  low  cell  resistance  necessary  to 
obtain  high-current  and  low-temperature  performan^.  The  roll  is  inserted  in  a  steel  container  that 
is  electrically  connected  to  die  anode.  The  cathode  is  connected  to  its  terminal  and  the  cell  is 
hermetically  sealed — tightly  sealed  so  diat  air  cannot  rater  or  escape. 

The  lidiium  sulfur  dioxide  battery  is  a  standard  Army  batteiy  which  is  diaracterized  by; 

•  mature  techncdogy 

•  safe 

•  reliable 

•  shelf  life  of  10  plus  years 

•  performance  in  all  tenqieiatures 
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6.3  3  2.2  Lithium  manganese  dioxide 


The  lidiium  manganese  dioxide  (LiMn02)  battery  is  constructed  of  a  lithium  (Li)  anode  and 
a  manganese  dioxide  (Mn02)  cathode.  The  electrolyte  is  propylene  carbonate/dimethoxyethane. 
The  cdl  reactkm  during  dischuge  fw  this  {nimary  battery  is: 

Li  +  MnIVoj  — >  Mnni02(U) 

The  Udiium  manganese  dioxide  betteiy  is  characterized  by: 

•  hipest  safety 

•  potentially  lowest  cost 

•  eariy  development  stages 

6.3.2.2.3  lidiium  thionyl  chloride 

The  lithium  thitmyl  chloride  (LiSOG2)  battery  is  another  of  the  lithium  primary  batteries. 
This  battery  is  composed  of  a  lidiium  (Li)  anode,  a  diionyl  chloride  (SCX32)  cathode,  and  a  lithium 
tetrachlocal  in  thionyl  chloride  electrcdyte.  The  chemical  reaction  during  discharge  is: 

4U  +  2S0<X2  — >  4Ua  +  S02  +  S 

The  thionyl  chloride  is  cqiable  of  forming  a  resistant  film  on  die  lithium  anode.  This  film, 
which  fonns  at  particularly  higti-tenqierature  stoR^e,  is  not  readily  penetrated  and  excessively  long 
voltage  delays  occur  in  a  high  rate  and  low  tenqierature  discharge  environment.  The  thicmyl 
chloride  cell  exhibits  good  shelf  life  and  has  been  designed  as  a  low  dischaif  e-rate  cell  using  a 
boblnn  ctMistruction. 

The  lithium  thionyl  chloride  battery  is  charactoized  by: 

•  high  power 

•  performance  at  all  ten^petatures 

•  unknown  shelf  life 

6.3.2.2.4  Lithium  ion 

The  lithium  ion  battery  is  a  secondary  battery  which  provides  high  energy  density,  high 
cycle  life,  and  safety  over  other  lithium  rechargeable  batteries.  It  is  a  fairly  new  system  - 
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introduced  by  Sony  in  1990.  Tbe  batteiy  is  constructed  with  a  carbon  (C)  anode,  a  lithiated  cobalt 
oxide  (CoO)  cathode,  and  an  organic  propylene  carbonate  electrolyte.  The  chemical  reaction 
during  charge  and  discharge  is  as  follows: 

LiC^  +  Co02  < — Lii.xC5  +  LixCo02 

In  1993,  a  new  type  of  rechaigeable  battoy  was  unveiled  -  known  as  die  "rocking  chair" 
batteiy  -  in  which  lithium  ions  shuffle  between  a  lithium  manganese  oxide  electrode  and  a  carbon 
electrode.  This  new,  sdll  experimental  battery  has  many  advantages  over  other  lithium  ion 
batteries.  The  new  battery  is  safer,  l(»ger  lasting,  and  potentially  cheaper  to  manufocture.  The 
battery  is  known  as  the  "rocking  chair"  battery  because  of  the  back  and  forth  movement  of  die 
lithium  ions  during  the  charge  and  discharge.  The  battery  is  charged  when  kdiium  i(»s  are 
released  finom  the  cathode  and  flow  to  the  anode. 

6.3.2.3  Mercury 

Mercury  batteries  are  coo^iosed  of  a  zinc  (Zn)  anode,  a  cadiode  of  mercuric  oxide  (HgO) 
mixed  with  graphite,  and  a  potassium  hydroxide  (KOH)  electrolyte.  The  cell  reaction  for  the 
mercury  battery  during  disdiarge  is: 

Zn  +  HgO  — ZnO  +  Hg 

In  a  steel  ccmtainer,  die  active  materials  are  separated  by  a  porous  material  which  prevents 
migratitHi  of  conducting  particles  from  the  mercuric  oxide  pellet  Mercury  batteries  are  constructed 
in  a  flat  pellet  structure,  a  cylindrical  structure,  and  the  wound  anode  flat  structure. 

The  mercury  batteries  are  cmistructed  in  a  sealed  but  v«ited  structure;  the  active  materials 
are  balanced  to  prevent  formation  of  hydrogen  in  a  disdiarged  battery.  The  battery  has  three  basic 
structures:  (1)  wound,  (2)  flat-jnessed,  and  (3)  cylindrical 

The  mercury  batteries  are  characterized  by  hi^  oiergy-to-vdume  ratio  and  long  shelf  life. 
They  have  a  high  electrochemical  efficiency  and  are  mechanically  rugged.  Mercury  batteries  are 
also  well  known  for  their  very  flat  discharge  curve.  However,  mercury  batteries  tend  to  be 
expensive  and  present  disposal  problems.  They  also  are  plagued  by  electrolyte  seepage  after  long 
storage  period. 


6.3.2.4 


Silver  FamUy 


The  silver  oxide  zinc  batteries,  both  primary  (non-char^eable)  and  secondary 
(rechargeable),  and  die  silver  cadmium  batteries,  secondary,  are  used  in  military  implications. 

6.3.2.4. 1  Silver  oxide  zinc 

The  silver  oxide  zinc  (referred  to  in  this  repent  as  silver  zinc)  battery  is  composed  of  a 
pressed  or  pasted  zinc  (Zn)  powder  for  the  anode  and  silver  oxide  (AgO/Ag20)  for  the  cathode. 
Aqueous  potassium  hydroxide  (KOH)  is  the  electrolyte  for  this  battery.  The  cell  reaction  during 
charge  and  dischaige  is: 


Zn  +  Ag20  +  H20  < — Zn(OH)2  +  2Ag 

During  chaige,  the  silver  is  reoxidized  and  the  zinc  is  plated  out  on  the  negative  plate.  During 
discharge,  the  reverse  actiem  occurs. 

This  cell  is  normally  constructed  in  a  rectangular  shape  using  flat  plates.  The  positive 
plates  are  made  by  pressing  or  sintering  silver  or  silver  oxide  powder  onto  a  silver  grid  or  screen 
and  then  electrochemically  converting  the  silver  to  silver  oxide.  The  negative  plates  are  made  by 
pressing  zinc  or  zinc  oxide  onto  a  silver  or  copper  grid  and  then  forming  or  converting  the  material 
to  zinc.  The  plates  are  inteimeshed  and  the  resulting  cell  is  placed  in  a  tightly  fitting  plastic  case. 

6.3.2.4.2  Silver  cadmium 

The  silver  cadmium  (AgGl)  battery  is  conmosed  of  a  cadmium  (Cd)  anode  and  a  silver 
oxide  (AgO)  cathode.  As  in  the  silver  oxide/zinc  battery,  aqueous  potassium  hydroxide  (KOH) 
serves  as  die  electrolyte.  The  cell  reaction  during  diarge  and  discharge  is; 

Cd  +  Ag20  +  H2O  <—>  Cd(OH)2  +  2Ag 

The  negative  electrode  (anode)  becomes  oxidized  when  discharged  and  is  converted  to  metal  when 
fully  charged.  The  silver  electrode  (cathode)  is  oxidized  during  charge  first  to  silver  monoxide 
then  to  silver  dioxide.  This  is  the  state  of  the  fully  charged  cathode. 
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Silver  cadmiuin  cells  have  a  hmited  cycle  life  because  there  is  a  slow  cadmium  pmetration 
through  the  sqMraiors.  However,  silver  cadmium  batteries  offer  a  better  cycle  life  than  the  silver 
zinc  cells  because  of  die  stability  of  die  cadmium. 

6.3.2.S  Lead  Acid 

The  lead  ^id  battery  is  die  most  widely  used  secondary  battery.  It  is  characterized  by  low 
cost,  relialnlity,  and  good  performance  characteristics.  The  lead  acid  battery  is  composed  of  a 
spmge  lead  (Pb)  anode,  a  lead  dioxide  (Pb02)  cathode,  and  an  aqueous  sulfuric  acid  electrolyte. 
Hie  cell  reaction  for  the  lead  add  battery  for  chai:ge  and  discharge  is: 

Pb  +  Pb02  +  2H2SO4  <— >  2PbS04  +  2H2O 

During  discharge,  die  active  materials  of  both  electrodes  are  converted  into  lead  sulfate  Q%S04). 

Tbe  electrolyte  takes  part  in  die  reactitm  by  producing  water.  During  charge,  the  lead  sulfate  in  the 
positive  electrode  is  converted  to  lead  dioxide  (Pb02)  and  die  lead  sulfate  in  the  negative  dectrode 

is  cmiverted  to  sponge  lead.  At  the  end  of  the  charge,  electrolysis  of  the  water  also  occurs,  thus 
producing  hydrogen  at  the  anode  and  oxygen  at  the  cathode. 

The  noostcoiimioa  construction  for  die  lead  acid  cell  is  the  pasted-plate  design.  Theactive 
material  for  each  electrode  is  prepared  as  a  paste  mixing  finely  divided  lead  oxides  and  suitable 
expander  materials  with  sulfuric  acid.  The  paste  is  ^nead  onto  a  lead-alloy  grid  which  provides 
the  necessary  electrical  conductivity  and  structure  to  hold  the  active  materials.  The  plates  are  tiien 
soldered  to  connecting  straps  to  form  positive  and  negative  groups  which  are  interleaved. 
Separators  are  placed  between  the  electrodes,  and  the  conqileted  assembly  is  placed  in  a  omtainer. 
The  container  is  designed  witii  a  sediment  ^Mce  under  the  stack  assembly  to  safely  collect  any  of 
the  active  material  that  sheds.  Sufficient  headroom  is  provided  above  the  plates  to  hold  excess 
etoctrolyte. 

A  new  lead  acid  battery  techmdogy  omtains  limited  amounts  (tffiee  liquid  electrcdyte.  This 
is  refnied  to  as  an  absorbed  glass  mat  lead  acid  battery,  liquid  electrolyte  is  placed  into  tiie  battery 
and  allowed  to  dry.  After  time,  the  dried  electrolyte  will  crack.  Ionic  flow  occurs  through  cracks 
in  the  dry  internal  plates  between  the  cathode  and  anode.  The  advantage  of  this  type  of  cell  is  tiiat 
orientation  is  not  a  concern.  The  battery  can  be  placed  in  different  positions  without  the  fear  of 
electrolyte  insufficiently  saturating  the  electrodes. 
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6.3.2.6 


hHckel  Family 


Nickel  cadmium  secondary  rechargeable  batteries  are  widely  used  in  military  qrplications. 
The  nickel  cadmium  battery  features: 

•  high  power  ciqnbility 

•  long  cycle  life 

•  good  low-teng)exatuie  peifoimaiice 

•  ruggedness 

•  reliability 

The  nickel  cadmium  battery  is  noanufactured  in  many  sizes  ranging  from  the  small  sealed  button 
and  cylindtical  cells  to  larger  vented  cells. 

6.3.2.6. 1  hOckd  cadmium 

The  nickel  cadmium  battery  is  coitqxrsed  of  a  cadmium  (Cd)  anode  and  a  trivalent  nickel 
oxide  (hnOOH)  cathode.  The  electrolyte  is  aquetnis  potassium  hydroxirfe.  The  cell  reaction  is  as 
follows: 


Cd  +  2NiOOH  +  2H2O  <—>  Cd(OH)2  +  2Ni(OH)2 

During  discharge,  the  nickel  oxide  is  reduced  and  the  cadmium  is  oxidized.  Near  the  end  of 
charge,  hydrogen  is  formed  at  the  positive  electrode  and  oxygoi  at  the  negative  as  the  cell  reaches 
fiilldiarge.  There  is  no  duuge  in  the  electrolyte  concentradon. 

The  nickel  cadmium  battery  is  known  for  its  light  weight,  good  cycle  life,  high  energy 
density,  and  improved  performance  over  nickel  iron  batteries.  Nickel  cadmium  batteries 
erqrerience  memory  effect,  sometimes  called  die  hysteresis  effect  Essentially,  the  battery  "forgets" 
its  fell  capability  if  it  is  not  disdiaiged  extensively  from  time  to  time. 

The  original  construction  configuradcm  used  for  the  nickel  cadmium  cell  was  the  pocket- 
plate  ctHistructioit  In  this  design,  the  active  materials  are  in  powdered  form  and  are  contained  in 
perforated  rectangular  pockets  formed  from  thin  perforated  nickel-plate  steel  ribbon.  The 
perforated  pockets  are  welded  tmto  steel  frames  to  form  electrodes  of  various  sizes  and  ci^iacities. 
The  perforations  allow  access  of  the  electrolyte.  The  positive  and  negative  plates  are  bolted 
together  in  an  insulated  fashion  and  assembled  in  a  plastic  or  nickel-plated  steel  container.  The 
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podcet-type  cells  are  voy  rugged  and  can  withstand  electrical  as  well  as  mechanical  abuse.  They 
have  vay  kuig  life  and  require  little  maintenance  beyond  occaskwal  fill*tq>  with  water. 

The  sintered-plaie  cell  design  has  a  higher  energy  density  and  gives  better  performance  dian 
the  pocket  type  but  is  more  expensive.  A  sintered  plate  is  fabricated  from  three  cooqxNients; 

1.  a  nickel  or  nickel-plated  steel  grid 

2.  a  porous  sintered  structure  surrounding  this  grid 

3.  dM  active  material  in  the  porous  structure 

The  porous  sintered  plaque  is  prqMoed  by  sintering  a  fine  nickel  powder  onto  the  grid.  Hieactive 
nr  is  are  impregnated  in  the  pores  of  die  plaque  and  converted  to  the  active  materials.  The  cell 

components  are  then  assembled,  alternating  positive  and  negative  plates  with  a  separator  in 
between.  The  separators  consist  of  sheets  of  nylon  clodi  with  thin,  films  such  as  cellophane  or 
celgard  to  prevent  gas  difiiision  and  the  recombination  of  oxygen  with  the  negative  electrode. 

The  sealed  nickel  cadmium  is  available  in  several  crmstructions.  Rectangular  cells  are 
coostructed  in  essentially  the  same  fashion  as  the  vented  cell,  except  that  the  rectangular  cell 
incorporates  specific  design  features  to  prevent  die  pressure  buildup  caused  by  outgassing  during 
charge.  Hiese  features  include: 

1.  Excess  negative  cqncity,  by  vdiich  the  positive  plate  readies  full  charge  before  the  negative 

plate. 

2.  A  separator  permeable  to  oxygen  so  it  can  pass  dnough  to  the  anode. 

3.  A  limited  or  starved  dectnriyte  to  facilitate  the  transfer  of  oxygen. 

The  cylindrical  cell  is  ctmstructed  of  sintered-type  electrodes.  The  electrodes  are 
interleaved  with  the  separator,  in  a  "jelly-roll"  fashiwi,  and  inserted  in  a  nickel-plated  steel  can. 
Small  button  cells  are  made  fiom  sintered  or  pressed  plates. 

6.3.2.7  Magnesium 

The  magnesium  battery  is  characterized  by  a  long  service  life  and  the  ability  to  retain  a  large 
capadty  during  storage.  It  is  a  primary  battery. 
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The  fnagnesiiim  cell  is  constructed  of  a  magnesium  (Mg)  alloy  anode  and  the  cathode  is  a 
combination  of  manganese  dioxide,  acetylene  black,  magnesium  perchlorate  electrolyte,  barium 
and  lithium  chiranate,  and  magnesium  hydroxide.  The  cell  reaction  is  as  follows: 

Mg  +  2Mn02  +  H2O  — >  Mn203  +  Mg(C«i)2 

The  amount  of  water  in  the  battery  is  critical  as  water  participates  in  the  anode  reaction  and  is 
consumed  during  tlM  discharge.  Sealing  of  the  magnesium  ceU  is  critical,  as  it  must  be  tight  to 
retain  cell  moisture  during  storage  but  provide  a  means  for  escape  of  hydrogen  gas  that  forms  as 
the  result  of  a  parasitic  reaction  during  die  discharge  of  the  battery. 

The  magnejdimi  battery  is  constructed  of  a  cylindrical  magnesium  container  as  the  negative 
electrode  and  manganese  dioxide  as  die  positive  element  A  paste  or  paper  separator  separates  the 
two  electrodes.  The  magnesium  cell  has  a  mechanical  vent  so  that  hydrogen  gas  can  esct^  from 
the  battery  during  discharge. 

ti.4  Battery  and  CeU  Manufacturing 

d.4.1  Cell  Manufacturing 

Cell  design  and  manufacture  conqirises  several  high  level  steps.  The  first  step  is  to  design 
the  electrodes.  The  size  of  die  positive  electrode  depends  on  the  desired  capacity.  The  size 
(thickness)  of  the  negative  electrode  depends  on  the  amount  of  active  material  needed  to 
electrodiemically  balance  the  active  material  in  die  positive  electrode.  Electrodes  are  constructed  of 
an  active  material  and  a  grid  -  some  type  of  structural  member.  The  grid  is  manufactured  of 
material  specific  to  die  type  ceU  being  manufactured.  For  instance,  grids  used  in  lead  acid  cells 
are  constructed  of  lead  aUoy  and  grids  used  in  nickel  cadmium  cells  are  constructed  of  eidier  nickel 
metal  ornickel  plated  steel 

Separators  have  many  purposes,  depending  cmi  the  type  of  battery.  Their  main  purpose  is 
to  prevent  the  plates  from  touching  and  electricaUy  shcming.  They  also  hold  electrolyte  and  allow 
passage  of  ions  and  gases  in  sealed  ceUs.  In  vented  ceUs,  the  separator  prevents  the  passage  of 
gases.  They  are  made  of  different  materials,  depending  on  the  type  of  battoy.  For  exatrqile, 
separators  used  in  a  lead  acid  battery  usually  ate  made  from  a  micropotous  rubber  material  m  a 
mictoparous  polyethylene  mataial.  Separators  in  a  sealed  nickel  cadmium  batuuy  are  trude  of 
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noo-woven  (fdt)  nylon.  In  vented  nickel  cadmium  cells,  the  sqMrator  is  usually  woven  or  non- 
woven  nylon  or  polypn^ylene. 

The  electrolyte  is  an  active  past  in  the  chemical  reactions  that  produce  energy  from  the  cell. 
In  most  cell  designs,  the  electrolyte  is  available  as  a  free  liquid  in  which  the  plates  are  immersed. 
In  sealed  cells,  sufficient  electrolyte  is  present  to  moisten  all  internal  components  with  little  or  no 
"free"  electrolyte.  This  is  known  as  die  starved  ekctrolyte  design.  It  allows  oxygen  gas  generated 
at  the  positive  electrode  to  migrate  to  the  negative  electrode.  Vented  cells  ccmtain  an  excess  of 
electrolyte — also  known  as  flooded  cells.  The  resealable  vents  allow  the  esa^  of  gases  generated 
on  charge,  akmg  with  a  small  amount  d  water. 

Batteries  such  as  lead  acid  or  nickel  cadmium  are  typically  designed  with  vents.  As  a 
battery  is  chaiged,  gas  is  generated  that  must  be  allowed  to  escape.  Venting  avoids  pressure 
buildup  that  could  result  in  craddng  of  die  container  and  qiillage  of  electrolyte.  Valve-regulated 
cells  incoiporate  a  pressure  relief  valve.  These  batteries  do  not  vent  unless  internal  pressure  has 
exceeded  the  design  pressure  of  the  valve.  When  die  |»essure  falls,  die  valve  closes  and  reseals. 

The  battery  container/case  holds  the  cells  in  place  during  use  and  handling.  Containers 
range  from  a  simple  shrink  wrap  sleeve  for  button  and  cylindrical  cells  to  a  machined  and 
frdnicated  conqilex  structure  for  aerospace  cells.  Depending  on  die  ^qilication,  the  ctmtainer  may 
have  a  removable  cover  or  be  a  sealed  unit  In  the  case  of  smne  vented  cells,  the  cover  must  be 
removable  so  water  can  be  added  periodically.  Containers  can  be  made  of  stainless  steel,  high- 
inqiact  rubber,  a  variety  of  plastics,  or  nylon,  arxxmg  others.  The  container  must  be  designed  to 
withstand,  without  distortion  beycmd  the  recommended  dimensi(»is,  die  internal  pressure  exerted 
by  the  elements,  the  electrolyte,  and  cell  gases  during  service  use  or  factory  processing.  Wall 
diickiiess  varies  depending  on  die  material  selected  for  die  container. 

6.4.2  Cell  Configurations 

Cells  are  configured  in  different  shapes  and  sizes  -  cylindrical,  button,  and  prismatic. 
Cylindrical  cells  are  available  in  four  different  sizes;  AAA,  AA,  C,  and  D,  as  shown  in  figure  6-6. 
Table  6-2  lists  the  minimum  and  maximum  dimensions  for  the  cylindrical  cell  batteries  shown  in 
the  figure. 
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Figure  6*6.  Cylindrical  Cell  Configurations 


SIZE 

DIMENSION  (mm)  1 

X 

Y  1 

MAX 

MAX 

615 

595 

34Z 

322 

485 

262 

24.7 

505 
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145 

135 

iXnH 
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425 
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95 

Table  6*2.  Cylindrical  Cell  Dimensions 


Figure  6*7  depicts  a  typical  cylindrical  cell  assemUy  process.  In  this  figure,  strips  of  the 
anode  material,  sq>arator,  and  cathode  material  are  spirally  wound  resulting  in  a  "jelly-roll" 
configuratitm.  The  roll  is  inserted  into  a  steel  container  which  is  electrically  connected  to  the 
anode.  The  cathode  is  ccMinected  to  the  terminal  and  the  cell  is  hermetically  sealed.  The  jelly-roll 
configuratkm  is  characterized  by  a  high  discharge  rate  (currnit). 


Figure  6>7.  Cylindrical  Cell  Assembly 


Another  type  of  cylindrical  configuration  is  the  bobt^  configuration,  as  shown  in  figure  6- 
8.  In  this  process,  a  cylinder  is  created  from  the  anode  material.  The  cylindrical  anode  is  rolled 
into  a  sq>arator  and  thoi  inserted  into  a  tubular  cathode.  The  tube  is  then  inserted  into  the  container 
and  filled  with  electrolyte.  The  bobbin  configuration  is  characterized  by  a  low  discharge  rate 
(current). 
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Figure  6^.  Cylindrical  Cell  Bobbin  Configuration 


A  typical  button,  or  coin,  configuration  is  depicted  in  figure  6-9,  and  a  prismatic 
configuration  is  depicted  in  Figure  6-10. 
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Figure  6-9.  Button  Cdl  Configuration 
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Figure  6*10.  Prismatic  Cell  Configuration 


6.4.3  Cell  Repackaging 

As  mentioned  earlier,  a  battery  is  actually  a  collection  of  cells  even  though  tiie  terms  often 
are  used  interchangeably.  When  two  or  more  cells  are  placed  into  a  container  or  case,  they  must  be 
prcqrerly  ctxmected  to  ensure  both  performance  and  reliability  of  the  flitished  battery.  The  choice 
of  ccmnection  depends  on  the  performance  requirements  and  cost  There  are  several  types  of 
connections;  bolted,  soldered,  welded,  and  pressure. 

Brdted  connecticms  are  used  for  heavy-current  ^rplications.  The  ctninections  are  made  with 
bolts  and  lockwashers  on  threaded  termiiuds  with  controlled  tightening  torque.  Materials  such  as 
lead  alloy,  lead-plated  copper,  stainless  steel,  or  itickel-plated  steel  are  recommended  for  this  type 
of  connection. 

Soldering  is  performed  on  the  leads  of  the  cells.  Soldering  is  not  performed  directly  on  the 
ceU  since  this  will  cause  local  overiieating  of  the  cell.  A  wire  lead  is  not  soldered  directly  onto  a 
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cdl  because  die  heat  niay  dannge  intenal  cooqxjnents.  Usually  a  metal  interoellconnectian  (tab)  is 
qwt-weldedtotheoell;  dus  connection  may  have  a  wire  lead  sddered  to  it 


Spot  welding  is  another  form  of  intercell  connection.  Spot  welding  is  preferred  to 
scddering  because  it  reduces  the  amount  of  heat  diat  the  battery  is  exposed  to. 

Pressure  connections  usually  employ  a  firing  or  some  other  device  m  compress  one  or 
more  cells.  This  method  is  used  in  small  sealed  cells.  The  springs  are  fabricated  of  spring  brass, 
beryllium  copper,  steel  plated  with  nickel  or  silver,  or  other  material.  Pressure  connectkms  noay  be 
less  reliable  than  sddering  or  welding. 

After  the  cells  are  connected  with  one  of  the  methods  mentitmed  above,  they  are  either 
shrink  wrapped  (fw  protection)  or  placed  in  some  type  of  container/case.  Sectirai  6.4.1  discusses 
die  different  materials  that  can  be  used  for  the  containers. 


6.5  Battery  Properties  and  Characteristics 


6.5.1  Battery  Properties 

Table  6-3  depicts  several  existing  and  research  and  devek^ment  (R&D)  battery  chemistiies 
and  their  associated  properties.  Open  citci''  voltage  refers  to  the  cell  voltage  when  no  current  is 
flowing;  the  closed  circuit  voltage  is  d.s  voltage  when  current  is  flowing. 
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Table  6-3.  Properties  of  Common  Batteries 


Lithium  primary  batteries  offer  high  voltage  ranges,  typically  2.S  to  3.5  volts;  high  energy 
density;  hi^  power  density;  flat  discharge  charactoistics;  and  one  of  the  best  storage  lives.  This 
translates  into  power  systems  that  ate  lighter  weight,  lower  cost  per  unit  of  energy,  and  have 
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higher  and  more  stable  vcdtages.  Some  lithium  cells  are  designed  for  low-rate  plications,  using 
the  boUnn  configuration.  Tlrese  cells  offer  high  energy  outputs. 

Nickel  cadmium  batteries  have  a  conprable  power  output  to  the  lithium  primary  batteries 
but  lower  voltage  ranges.  The  silver  cadmium  battery  has  voltage  ranges  similar  to  the  nickel 
cadmium  battery  but  higher  power  oupt  Primary  and  secondary  silver  zinc  cells  have  nooderate 
vcdtage  ranges  and  a  short  shelf  life  of  tmly  two  years.  However,  primary  reserve  silver  zinc  cells 
can  have  shelf  lives  to  twenty  years. 


The  type  of  battery  used  for  a  particular  system  depends  on  the  system  requirements.  The 
following  characteristics  are  considered  when  selecting  a  battery  fcr  a  particular  plication: 


•  function 

•  prating  environment 

•  electrical  requirements 

•  weight 

•  volume 


life 

life  cycle  cost 

maintainflhility 

reliability 

safety 


6.5.2  Battery  Characteristics 


Different  manufacturing  processes  for  batteries  provide  differing  characteristics.  For 
example,  a  lead  acid  battery  can  be  flooded,  valve-regulated,  or  sealed.  A  flooded,  or 
conventional,  battery  loses  water  and  hydrogen  during  charge.  This  dictates  periodic  water 
repleiushment  However,  in  valve-regulated  and  sealed  lead  acid  batteries,  there  is  no  water  loss 
during  dunging  and  no  wata*  replenishmoit  is  necessary. 

As  mentioned  in  Section  6.3.2.6.1,  nickel  faiHmiiim  (NiCd)  batteries  are  manufactured  in 
venfed  pocket-plate,  vented  sintered-plate,  sealed  crmfigurations.  Each  of  these  configurations 
offers  different  dunacteristics.  A  vented  pocket-plate  ffi/Cd  battery  has  a  kmg  shelf  life;  is  rugged; 
can  withstand  electrical  (overcharging,  shorting)  and  mechanical  abuse;  has  good  charge  retenticm; 
and  can  be  stored  filled  or  unfilled  (with  electrolyte)  for  kmg  periods  of  time  without  deterknating. 
Several  of  the  characteristics  also  are  inhoent  to  the  voited  sintered-plate  NiAM  battery;  however, 
the  vented  sintered-plate  has  a  higher  energy  density  than  the  vented  pocket-plate  and  has  lower 
internal  resistance.  Both  batteries  require  little  maintenance,  aside  from  the  necessary  water 
replenishment 


27 


'Hie  nidcBl  bttlci^  requires  no  waitr  addition  or  dectiolyte  renewal  and  can 

npyte  io  any  portion,  This  is  advantageous  due  to  die  restricted  areas  in  whreh  batteries  must  be 
in  military  applications.  However,  its  performance  is  inferior  con^iaied  to  that  of  the  vented 
anmed-plaie  configuradan. 
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7.0  MARKETPLACE  DESCRIPTION  AND  TRENDS 


This  section  describes  the  NtHth  American  battery  production  industrial  base  and  presents 
trends  that  provide  an  indication  of  its  future  evolution.  It  is  presented  in  two  parts:  the  first 
presents  battery  marketplace  concerns;  the  second  discusses  the  numufacturing  companies  that 
supply  batteries  to  the  U.S.  and  Canadian  governments.  Battery  manufacturers  that  strictly 
produce  products  for  the  commercial  market  are  not  discussed.  These  commercial,  mass-produced 
batteries  include  commonly  recognized  single  or  button  cell  batteries  or  the  common  alkaline 
batteries  used  for  commercial  products  like  children's  toys,  watches,  clocks,  and  audio  equipment 
These  batteries  have  chemistries  similar  to  those  discussed  in  this  study,  but  military  and 
government  batteries  have  different  configurations  and  specifications. 

7.1  Battery  Marketplace  Concerns 

In  discussions  with  battery  manufacturers,  researchers,  and  military  users,  several 
marketplace  concerns  were  commonly  raised.  These  included  the  approach  to  battery 
selection/design  in  new  syb.^ms,  common  battery  logistics  systems  in  the  U.S.  and  Canada, 
tracking  and  accessing  battery  performance  and  configuration  characteristics,  battery  procurement 
procedures,  battery  maintenance  procedures,  and  envircmmental  concerns.  Each  of  these  is 
discussed  in  the  following  paragraphs. 

7.1.1  Planning  for  Power  Requirements 

Power  source  requirements  for  a  system  are  among  the  last  considerations  of  system 
designers.  Because  of  this,  batteries  often  are  designed  to  fit  in  the  remaining  space  within  the 
system  envelope,  resulting  in  the  widespread  proliferation  of  military-unique,  system-unique 
batteries.  If  the  design  process  were  constrained  to  use  batteries  from  a  fixed  set  of  options 
suitable  to  the  application,  with  deviatitms  subject  to  waiver  requests,  system  planners  could 
capitalize  cm  dual  use  chemistries,  standardize  the  selection  of  batteries  used  to  families  or 
configurations  within  each  chentistry,  and  reduce  the  number  of  military-unique,  system-unique 
batteries. 

7.1.2  Military  Specifications  and  Standards 

Supporting  military  specifications  and  standards  may  impact  ancillary  manufacturing 
processes  involved  in  battery  manufacturing  These  specifications  ensure  that  procedures  such  as 
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shipping  and  packaging  of  the  batteries  will  meet  certain  requirentents.  However,  some  of  these 
supporting  specifications  are  outdated  and  in  need  of  revision.  Packaging  and  shilling  of  batteries 
are  a  prime  example.  One  battery  producer  indicated  they  were  required  to  ship  their  batteries  in 
wooden  crates.  This  was  an  expensive  undertaking  that  added  to  the  overall  battery  cost  and  did 
not  allow  the  producer  to  take  advantage  of  newer,  naore  cost  effective  matoials. 

7.1.3  Assignment  of  Battery  NSNs  (NATO/Natirmal  Stock  Numbers) 

When  a  new  battery  is  designed,  it  generally  is  assigned  a  National  Stock  Number  (NSN). 
Currently,  the  U.S.  has  an  estimated  3,S00  battery  NSNs  and  Canada  over  600  NATO  Stock 
Numbers.  In  the  over  4,000  battery  NSNs  in  North  America,  duplication  exists  between  the  two 
countries  and  among  the  U.S.  military  Services.  There  are  two  reasons  for  this  problem.  First,  if 
the  U.S.  adopts  a  NSN  for  a  specific  battery  that  has  a  commcm  application  with  Canada,  the 
ranadian  DND  adopts  the  Same  number,  but  if  the  DND  adopts  a  NSN  first,  the  U.S.  does  not 
always  adopt  the  same  number.  Second,  diere  is  incomplete  cataloguing  and  tracking  of  batteries 
between  the  Services;  an  aviation  battery  used  by  the  Navy  may  have  one  NSN  while  the  same 
battery  firom  the  same  manufacturer  for  die  Army  may  have  a  different  NSN. 

In  addition,  sometimes  the  battery  involved  in  a  major  component,  e.g.,  an  electronic 
conponent,  is  not  given  its  own  NSN.  The  entire  electronic  component  is  assigned  an  NSN  rather 
than  the  individual  pieces.  Tracking  the  batteries  used  in  such  items,  such  as  the  battery  in  the 
Trident  missile,  is  difficult  to  acconplish. 

7.1.4  Documentation  and  Tracking  of  Batteries 

The  successful  documentation  and  tracking  of  batteries  would  help  in  reduce  the 
prolifnation  of  new  batteries  within  the  military.  If  battery  designers  access  a  database  that  can 
inform  them  of  existing  batteries  that  can  fulfill  their  power  needs,  the  development  of  new, 
militaty-unique,  system-unique  batteries  can  be  curtailed. 


Currently  several  databases  contain  information  on  batteries.  In  particular,  a  battery 
database  the  Naval  Surface  Warfare  Center  at  Crane,  Indiana  includes  informatitMi  on  existing  cells 
and  batteries.  This  database  is  designed  to  allow  the  user  to  choose  from  a  variety  of  battery 
attributes  as  well  as  combinations  of  those  attributes  to  identify  an  existing  battery.  The  database 
includes  informadon  such  as  battery  type  (primary,  secondary,  reserve),  battoy  chemistry,  battery 
specificadons  (e.g.,  size,  weight,  volume),  and  battery  manufacturer.  However,  this  system  is  not 


30 


yet  fully  populated  and  is  not  readily  avaUaUie  to  battery  designers,  ProjecVPtogram  Managers,  and 
procurement  personnel.  In  addition,  not  all  of  the  targeted  users  know  of  its  existence  ot  how  it 
can  aid  diem. 

Another  database  is  run  by  the  Defense  Electronics  Supply  Center  as  part  of  the  DoD  Parts 
Control  Program.  Basically,  this  system  allows  for  the  input  and  inquiry  of  information  and  is 
available  for  use  by  military  acquisititm  activities,  equipment  contractors,  and  parts  suppliers.  It 
contains  a  list  of  all  parts  approved  for  design  selection  in  a  specific  contract  Designers  provide 
die  center  wididieir  battery  requirements;  the  center,  in  turn,  searches  the  database  to  find  batteries 
that  meet  the  requirements.  This  system  contains  all  die  battery  NSNs. 

7.1.5  Procurement  of  Batteries 

There  currently  are  no  joint  purchasing  programs  between  the  Services  or  with  the 
Canadian  DND.  Each  organization  handles  the  procumnent  of  batteries  individually  with  little  or 
no  coordinatitm.  In  a  number  of  instances,  the  same  batteries  are  being  procured  frran  the  same 
manufacturer.  With  better  procurement  planning,  the  Services  and  Canadian  DND  can  likely 
decrease  unit  costs  ly  purchasing  in  larger  quantities  and  eliminating  distributor  premiums. 

7.1.6  Battery  Maintenance 

Certain  secondary  batteries,  such  as  nickel  cadmium  and  lead  acid,  require  periodic 
maintenance  to  perpetuate  battery  life.  Although  newer  sealed  or  low  maintenance  versions  of 
these  same  batteries  require  little  or  no  maintenance,  a  large  number  of  batteries  in  use  by  the 
military  mainly  for  aviatitm  still  require  maintenance.  This  maintenance,  if  properly  performed, 
ensures  maximum  battery  service  life  and  fewer  failures.  Procedures  involved  in  battery 
maintenance  include  adding  electrolyte  when  necessary,  deep  discharging  and  recharging  of  the 
battery,  and  replacing  (when/vliere  appropriate)  damaged  or  degraded  cells. 

During  the  course  of  this  study  feedback  obtained  ccxicenung  the  mainteruuice  of  battoies 
indicated  that  battery  maintraance  is  not  as  frequmt  or  procedurally  correct  as  it  should  be,  tiieteby 
costing  the  military  large  dollar  amounts  in  shortened  battery  service  life.  Reasons  for  tiiis  lack  of 
proper  maintenance  include  inadequate  maintenance  procedures,  inadequate  training/education  of 
perstmnel,  over-maintenance  (which  can  be  just  as  detrimental,  if  not  worse,  to  the  battery  than 
under-maintenance),  and  personnel  turnover.  This  problem  could  be  rectified  if  proper  procedures 
were  in  place  and  enforced. 
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7.1.7  Environmental  Imucs 

No  significant  environmental  issues  affecting  the  viability  of  the  battery  sector  were 
uncovered.  Although  certain  chemistries  such  as  mercury  and,  in  the  future,  cadmium,  may  be 
phased  out  of  production  because  of  toxic  ccmqwnents,  presently  there  is  an  understood  cost  of 
coiqpliance  widi  environmental  codes  that  are  met  by  all  conqjanies  and  suppliers.  Other,  less 
environmentally  unfriendly  batteries  also  have  standard  procedures  and  specifications  that 
manufacturers  comply  with,  and  these  too  are  accepted  as  standard  operating  costs.  No 
organizations  cited  these  as  significant  ctmcems  or  issues 

7.2  Battery  Producers  by  Chemistry 

The  following  sections  present,  by  chemistry,  battery  manufacturers,  their  specific 
product(s),  their  customers,  and  the  systems  their  products  support  The  chonistries  follow  a 
sequence  fixm  military  dominated  batteries  to  those  batteries  which  have  only  a  small  military 
market  For  exanqtle,  the  first  chemistry  presented  is  the  thermal  chemistry;  this  battery  chemistry 
is  used  only  for  militaiy  or  government  applications.  Other  chemistries  in  the  sequence  are  used 
for  both  military  and  commercial  applications,  and  the  chemistries  towards  the  end  of  this  scctirm 
are  those  which  have  a  larger  commercial  than  military  market  For  each  chemistry  a  chart 
illustrates  die  conqianies,  their  parent  ownership,  their  product  and  their  business  breakdown 
between  military  and  commercial  markets.  Following  each  chart  is  a  brief  overview  of  each 
company  listed,  desetiUng  die  conqiany,  its  products,  ciqialnlities,  customers,  and  future  oudotdt 

At  the  end  of  each  chemistry  subsection  there  is  an  end  user  market  review  and  a 
marketplace  trends  review.  This  review  presents  a  chart  which  shows  military  and  commercial 
applicatitms  for  each  chemistry  and  discusses  the  present  state  of  the  market  fOT  each  chemistry. 
This  includes  market  draumds,  primary  custenners  and  suppliers,  and  trends  cmicetning  military 
and  commercial  markets. 

7.2.1  Thermal  Batteries 

The  term  thermal  battery  does  not  refer  to  a  specific  battery  chemistry  but  to  a  group  of 
electrochemical  systems  u^g  different  chemistries.  The  most  emnmon  thermal  battery  systems 
are  lithium  based.  The  thermal  battery  is  a  primary,  ‘one-shot’  battery  that  is  activated 


32 


pyrotBchnically  and  lasts  from  just  a  few  seconds  up  to  a  few  hours.  Thennal  batteries  are  almost 
con^iletely  unique  to  militaiy  qiplicatkms. 

7.2.1. 1  Theimal  Battery  Maikeqrlace  Siqiply 

Eagle-Piclier's  Joplin,  Missouri  facility  is  die  only  remaining  North  American  producer  of 
thermal  batteries.  SAFT  America  in  Gickeysville,  Maryland  ceased  thermal  battery  production  in 
December  1993  and  became  a  R&D  facility. 

Eagle-Picher  Industries  Inc.  (EPI)  is  a  diversified,  multi-natk»al  conopany  founded  in 
1843.  They  are  a  worldwide  leader  in  qiecialty  materials  and  chemicals  for  the  infrared  optics, 
fiber  optics,  laser,  semiconductor,  medical  equipment,  battery,  and  plastics  industries.  The 
Electraiics  Division  was  farmed  in  1964.  The  Couples  Dqiartment,  which  produces  batteries, 
was  started  originally  in  1948  as  a  derivative  of  EPFs  battery  research  laboratory,  which  was 
started  in  1920.  The  Couples  Departmrat  was  placed  under  the  Electronics  Division  in  1964.  The 
name  Couples  derives  from  the  electrochemical  couple  which,  alraig  with  the  electrolyte,  is  the 
basic  working  system  of  any  battery.  The  Couples  Dqrartment  has  two  plants,  one  in  Joplin, 
Missouri  and  a  second  in  Colorado  Springs,  Colorado. 

Eagle-Picher's  Joplin,  Missouri  funlity  is  the  scde  North  American  manufacturing  plant  for 
thermal  batteries.  In  September  of  1991  EPFs  Jcplin  facility  suffered  a  iruyor  fire  drat  virtually 
(testroyed  their  therrrul  battery  manufacturing  oqrability.  Prior  to  the  fire,  EPI  supplied  36  DoD 
programs  with  thermal  batteries  utilizing  50%  of  dieir  capacity.  After  the  thermal  facility  was 
rebuilt,  capacity  utilization  increased  to  75%  in  su|qxnt  of  a  minimnin  of  33  DoD  programs. 
Presently  EPI  produces  400,000  cdls  per  nxmth  during  one  eight  hour  shift,  five  days  per  week. 
Depmding  cm  battery  conqrlexity  and  configuration,  this  equates  to  approximately  2,000  batteries 
pernxMith. 

7.2.1.2  Thermal  Battery  Maik^laoe  Demand 

Figure  7-1  illustrates  typical  military  applicatiras  for  thermal  batteries.  No  commercial 
qq)lications  were  identified. 
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Figure  7*1.  Thermal  Battery  Applications 


Thermal  batteries  are  used  for  applicatitms  requiring  physical  ruggedness,  high  power, 
long  storage  life  without  maintenance,  and  one  time  use.  The  thermal  battery  maricet  is  almost 
ccmipletely  limited  to  military  applications.  Thermal  batteries  are  used  in  missiles,  tmpedoes, 
aircraft  emergency  systems,  guided  bombs,  and  land  and  underwater  mines. 

7.2.1.3  Thermal  Battery  Matkeqilace  Trends 

Thermal  battery  demands  are  significantly  lower  than  in  the  past  Programs  utilizing 
thermal  batteries  and  deliveries  supporting  these  programs  have  been  reduced.  Many  programs 
have  been  canceled  and  there  are  few  new  program  starts  anticipated.  Two  years  ago  there  were 
two  thermal  battery  producers  in  the  U.S.,  but  diis  decreased  demand  forced  one  m  terminate  its 
thermal  battery  production  qjerations.  Government  agencies  have  studied  and  reviewed  the  sole 
source  production  situation  and  reviewed  feneign  thermal  battery  production  cq)abilities,  but  in 
accordance  widi  DOD's  present  acquisition  policies,  the  U.S.  military  will  continue  to  maintain  the 
North  American  industrial  base. 

Two  other  companies,  Martin  Marietta  and  Westinghouse,  recently  have  shown  interest  in 
thermal  battery  producticMi  (^)erations,  but  the  results  of  this  intoest  are  yet  to  be  determined.  To 
date,  these  companies  have  conducted  R&D  and  demonstrated  prototype  production.  Martin 
Marietta  Specialty  Continents  division  has  secured  the  Department  of  Energy's  Pinellas  Plant  in 
Largo,  Florida,  intending  to  expand  their  thermal  battery  R&D  and  limited  production  efforts.  This 
facility  has  seen  limited  thermal  battery  production  in  the  past;  therefene,  Martin  Marietta  is  not 
beginning  these  new  (^rations  with  a  large  production  capability.  The  Westinghouse  Naval 
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Systems  Group  in  Qeveland,  Ohio  also  has  recently  denxmstrated  prototype  thennal  iMttery 
nuuniftcturing  capability.  The  company  designed  and  produced  a  successful  thennal  R&D  batteiy 
for  the  next  generation  of  sonobuoys.  Sandia  National  Laboratories  ah>o  has  limited  thennal 
batteiy  manu&ctuiing  cqiability. 

These  ctnnpanies  have  not  necessarily  changed  the  immediate  single-source  supplier 
situatkm  for  military  thermal  batteries;  rather,  diey  have  increased  the  R&D  presence  and  limited 
production  capal^ties  for  prototype  and  cornmocial  thennal  batteries.  The  market  is  not  expected 
to  see  any  large  growth  in  the  near  or  far  term,  but  the  U.S.  government  has  plans  in  place  to 
maintain  a  Nordi  American  capability.  The  market  will  remain  static  until  additional  military  or 
new  commercial  applications  arise  that  require  increased  manufacturing  capability.  At  that  point, 
these  other  coaqnnies  may  atteirqit  to  enter  die  regular  productirai  base  for  thennal  batteries. 

7.2.2  Lithium  Batteries 

Lithium  primary  batteries  offer  perfcvmance  advantages  well  above  the  capabilities  of 
conventional  aqueous  electrolyte  battery  systems.  These  batteries  have  the  highest  gravimetric 
energy  (watt  hours/ldlogram),  highest  volumetric  energy  (watt  hours/liter),  and  me  of  the  best 
Stonge  lives  of  any  electrochemical  battery  system.  These  advantages  are  the  main  reason  the 
military  chooses  lithium  batteries  for  a  variety  of  triplications. 

The  lidiium  chemistties  used  by  the  military  include  primary  lithium  sulfur  dioxide,  lithium 
thionyl  chloride,  and  lithium  naanganese  dioxide.  At  present,  die  most  widely  used  of  these 
chemistries  is  lithium  sulfur  dioxide.  Nordi  America  currently  has  four  major  military  lithium 
battery  suppliers  and  a  fifth  widi  military  production  ctqiability  but  no  production  demand. 

7.2.  Lidiium  Battery  Markeqilace  Siq^ily 

Figure  7-2  lists  the  lidiium  battery  conqianies  and  their  products.  The  chart  shows  military 
battery  sales  for  1993  and  military  battery  trends  for  1994;  and  overall  company  sales  for  1993  and 
trends  fen  1994.  The  total  sales  data  may  reflect  mly  battery  sales,  or  it  may  reflect  the  sum  of 
battery  and  other  products  sales  (e.g.  -  electronic  chargoVanalyzers,  electronic  devices).  The 
sales  data  frenn  suppliers  did  not  delineate  between  revenues  for  different  products.  Following  the 
chart  is  a  brief  overview  of  each  company  describing  the  conqiany,  its  products,  capabilities,  and 


Figure  7>2.  Companies  in  tbe  Lithium  Battery  Market 


7.2.2. 1.1  Ballard  Battexy  Systems  Coipcnation 

Ballard  Battery  Systems  Corporation  (BBSC)  was  established  in  Ninth  Vancouver,  British 
Columbia  in  1976  and  is  a  subsidiary  of  Ballard  Power  Systems,  Inc.  Ballard  was  originally  a 
research  lab  that  performed  developmental  work  on  lithium  batteries.  In  1985  BBSC  incorporated 
as  BTC  Engineering,  Ltd.  to  commercialize  primary  lithium  sulfur  dioxide  battery  technology. 
BBSC  has  three  segments  of  ownership:  50.3%  Ballard  Power  Systems,  28.6%  worldwide 
corporate  investors,  and  21.1%  etr^loyees. 

BBSC  manufactures  primary  (non-recbargeable)  lithium  sulfur  dioxide  and  lithium 
manganese  dioxide  cells  and  batteries.  The  lithium  noanganese  dioxide  cells  and  batteries  are  in 
very  limited  production. 

Revenues  were  i^}proximately  $2.5  million  in  1990,  $7.5  million  in  1991,  $13  million  in 
1992  (due  primarily  to  the  Gulf  War),  and  $4.5  $5  million  in  1993.  Revenues  in  1994  should 
remain  the  same  as  1993.  BBSC  stated  they  require  $4.5  to  $5  million  in  yearly  revenues  to  break 
even  and  that  1992  was  the  first  year  of  teal  profits.  BBSC  has  had  over  $20  million  in  sales  of 
litiiium  sulfur  dioxide  military  batteries  since  1989. 
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In  1993, 90%  of  BBSCs  revenue  came  frcxn  the  U.S.  government  and  10%  from  Canada. 
In  previous  years  this  split  was  closer  to  95%  U.S.  and  5%  Canada.  In  1994  the  U.S.  and  Canada 
will  combine  for  only  25%  of  BBSCs  revenues;  tte  remaining  75%  will  be  fiom  commercial  and 
foreign  customers. 

7.2.2. 1.2  Battery  Engineering  Inc. 

Battery  Engineering  bic.  (BEI),  located  in  Hyde  Park.  Massachusetts,  is  a  small  wholly 
owned  subsidiary  of  Hitachi  (Maxell),  a  Ji^anese  coiiq>any.  BEI  has  been  in  existence 
approximately  17  years  and  was  purchased  by  Hitachi  on  February  1,  1990.  BEI  is  traded 
publicly  on  the  New  York  Stodc  Exchange. 

BEI  manufactures  low  and  moderate  rate  primary  lithium  thionyl  chloride  cells,  in 
cylindrical,  coin,  prismatic,  and  other  shqtes;  and  batteries  in  a  variety  of  configuradmis.  In  1993 
BEI  claimed  to  have  produced  the  smallest  lithium  tfumiyl  chloride  battery  ever  manufactured.  The 
battery  measured  0.397  inches  l<mg  by  0.275  inches  in  diameter. 

BETs  inimaty  market  is  in  the  oil  drilling  industry.  Sales  in  this  industry  accounted  fot 
85%  of  BEI's  $4  million  in  1993.  These  batteries  are  used  in  the  electronics  of  drill  bits  that 
perform  geogn^hic  and  chonical  aiudys^ 

BEI's  military  business  constitutes  5%  to  10%  of  total  sales.  Government  customers 
include  GSA  and  OEMs  Hughes  Aircraft,  Teledyne  (for  the  F16),  and  AMETEK  (subcontracted 
through  Yaidney  •  engine  monitoring  conqtuter  backup  battery).  BEI  also  has  some  sales  to  the 
United  Kingdom  Ministry  of  Defense. 

7.2.2. 1 .3  Power  Ccmversion  Inc. 

Power  Conversion,  Inc.  (PCI),  located  in  Saddlebtook,  New  Jersey,  is  a  wholly-owned 
subsidiary  of  British  ’lire  and  Rubber  (BTR)  of  Great  Britain.  The  cmnpany  was  started  in  1970 
solely  to  develop  and  apply  lithium  technology.  PQ  was  purchased  in  1986  by  Hawker  Siddeley 
and  became  part  of  die  BTR  conglomerate  when  BTR  acquired  Hawker  Siddeley  in  1991.  BTR  is 
a  $15  billion  diversified  conglcmierate  which  employs  180,0(X)  pec^le  and  has  business  interests  in 
a  wide  range  of  industries. 
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pa  makes  four  litfuum  baoety  systems  in  both  nandaid  and  custom  sizes  and  shqies  for 
industrial  and  defense  applications.  These  systems  are  Uthium  sulfur  dioxide,  lithium  thitmyl 
diloride,  lithium  manganese  dioxide,  and  lithium  carbon  ironoflouride.  Its  annual  sales  in  the 
battery  market  are  approximately  $12  million. 

Seventy  pocent  of  Pas  business  base  is  nulitary-related.  PCI  has  sold  batteries  to  the 
militaty  for  the  following  applications: 

test  equqnient  night  vision  equqxnent 

gas  tnagirc  data  terminals 

satellite  radios  antennas 

memory  back-up  navigation  equqxnent 

sctairiUets  radar 

UHF  radios  loudtqpeakers 

The  U.S.  Anny  has  been  PCTs  main  customer.  When  Operation  Desert  Shield/Storm  was 
in  full  swing,  these  was  a  large  demand  for  PCTs  lithium  batteries.  However,  when  this  retention 
ended,  die  need  for  Aese  batteries  gready  diminished,  and  the  government  eidter  canceled  contracts 
or  tried  to  stretch  them  out  PQ  was  forced  to  close  its  Puerto  Rico  plant,  which  was  dedicated  to 
Army  operations,  in  January  1993  due  to  lade  of  inoduction  orders. 

PO  cunendy  supplies  the  Navy  with  two  types  of  batteries  for  the  PRC  69  and  the  PRC 
1 12  radios.  PQ  has  supplied  the  Navy  with  lithium  sulfur  dioxide  batteries  for  stmobuoys,  but 
the  Navy  has  not  bought  these  particular  sonobuoy  batteries  in  five  years  due  to  die  decreased 
defense  posture.  The  conqiany  also  supplies  a  lithium  manganese  dioxide  battery  for  die 
CATSEYE  night  vision  goggle  syston.  PQ  envisions  they  will  no  Imiger  maintain  large  scale 
produedon  amiabilities  for  liduum  sulfur  dioxide  batteries. 

7.2.2. 1 .4  SAFT  America  Inc.  (Valdese,  NQ 

SAFT  (Sodete  des  Accumulateurs  Fixes  et  de  Traction)  America,  Inc.  is  a  leading 
manufiurnirer  primary  (nm-rechargeaUe)  batteries  such  as  lidiium  and  secmidary  (rechargeaUe) 
batteries  such  as  nickel  cadmium.  This  company  also  manufimtured  thermal  batteries  for  military 
customers  but  ceased  these  (m>erations  in  1993.  SAFT  America's  direa  parent,  SAFT,  is  based  in 
France  and  is  a  wholly  owned  subsidiary  of  Alcatel  Alsthom,  the  fourth  largest  company  in 
France.  Alcatel  is  a  French  government  owned  conglomerate  widi  world  wide  cqieiations. 
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The  original  company  was  formed  in  the  United  States  in  1959  by  the  Gulton  Battery 
CcmqMuiy.  They  were  the  original  inventor  of  rechargeable  nickel  cadmium  batteries.  Alcatel 
acquired  SAFT  in  1973  from  Gulton.  Alcatel  maintains  the  standard  of  being  number  one  or 
number  two  in  the  world  in  every  venture  they  enter.  SAFT  claims  it  is  number  (me  worldwide  in 
aviaticm  batteries,  industrial  nickel  cadmium  battoies,  torpedo  batteries,  and  lithium  batteries  for 
defense  q>plicati<ms.  A  sister  cooqrany,  with  c^xrations  in  the  United  States  and  Canada,  is  SAFT 
Nife,  a  wholly  owned  Swedish  subsidiary  of  the  parent  SAFT  company.  Recently  Gates  Energy 
Products,  located  in  Gainesville,  Florida,  sold  their  aerospace  business  to  SAFT  America.  SAFT 
America  also  acquired  the  aerospace  battery  business  (tf  Johnson  Controls. 

SAFT  America- Valdese  manufactures  lithium  sulfur  dioxide  primary  batteries.  They  are  in 
the  process  of  developing  lithium  i(m  secondary  batteries.  SAFTs  military  and  commercial 
batteries  are  manufictured  (m  the  same  production  lines. 

Of  SAFTs  lithium  sulfur  dioxide  business,  64%  is  with  the  U.S.  military,  31%  is  in 
export  sales,  and  5%  is  for  the  commercial  market  The  defense  original  equipment  manufacturer 
(OEM)  p(vti(m  of  SAFTs  business  is  largely  sonobuoy  qtplicatitms.  Most  of  the  export  sales  are 
for  foreign  military  qtplicatbns  in  die  following  countries:  Israel,  Germany,  France,  India,  United 
Kingdom,  Pakistan,  Canada,  Japan,  and  Scandinavian  countries.  Some  of  this  business  is 
through  Foreign  Military  Sales  (FMS).  Last  year  Canada  purchased  nearly  $1  million  worth  of 
BA-5590  batteries  directly  from  SAFT.  The  commercial  market  uses  SAFTs  batteries  fcv  medical 
equipment  (e.g.  -  defibrillators),  animal  tracking  devices,  and  lighting  equipment  for  the  mining 
industry. 

7.2.2. 1 .5  Yardney  Technical  Products  Inc. 

Yardney  Technical  Products  is  located  in  Pawcatuck,  Connecticut  The  company  was 
founded  in  New  York  Qty  in  1944  as  Yardney  Electric  Corporation,  and  producticm  moved  to 
Pawcatuck,  Coimecticut  in  1964.  In  1969  a  major  interest  was  purchased  by  Whittaker 
Corporation,  and  the  entire  operation  moved  to  Pawcatuck  in  1970.  Between  1971  and  1985,  the 
Yardney  Battery  Division  in  Pawcatuck,  Coimecticut  and  the  Power  Sources  Division  in  Denver, 
Colorado  merged  to  create  the  Yardney  Corporation.  In  1990  Yardney  Technical  Products,  Inc. 
was  formed  tiuough  a  management  buyout  of  Whittaker- Yardney  Power  Systems. 
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Yaidney  has  a  lithium  battery  manufacturing  line  fcv  production  of  lithium  sulfur  dioxide 
BA5S90  batteries  for  the  Army,  but  its  productum  facility  has  beoi  sitting  idle  since  its  installation. 
Tlie  Gulf  War  promulgated  emeigency  procurements  for  lithium  sulfur  dioxide  batteries,  and  large 
orders  were  placed  with  SAFT  and  PQ.  Yaidney  had  signed  a  $70  million  contract  with  the  Army 
to  produce  the  BAS590  battery  for  the  Gulf  War,  but  they  failed  to  pass  First  Article  and  did  not 
produce  any  military  batteries.  Yaidney  has  yet  to  qualify  fcR-  military  lithium  battery  producticm, 
and  the  decreased  demand  for  the  BASS90  battery  has  not  sparked  urgent  action  by  the  military  to 
qualify  Yaidney  f<v  this  production. 

Qrigiiudly,  Yaidney  was  to  produce  the  lithium  sulfur  dioxide  batteries  at  the  Whittaker- 
Yaidney  facility  in  Denver,  Colorado.  Yaidney  claims  it  took  the  Army  two  years  to  agree  to  move 
the  production  from  Denver  to  Pawcatuck.  To  prqrare  the  Pawcatuck  site,  Yardney  obtained  a 
loan  from  the  state  of  Ccmnecticut,  made  equipmoit  purchases,  and  ramped  up  frnr  full-scale 
productitm.  At  the  end  of  the  Gulf  War,  Yaidney  received  some  termination  costs  from  the 
government  but  lost  approximately  $1  million  d  their  owil 

Yaidney  also  manufactures  piiiruuy  lithium  thicmyl  chloride  batteries  for  the  commercial 
market  These  batteries  are  used  in  oil  drilling  electnmics  and  computer  memory  backup  devices. 
These  commercial  lithium  sales  constituted  $3  millitHi  wmth  of  sales  in  1993  and  accounted  for 
approxinoately  20%  of  Yaidney's  1993  business. 

Yaidney  also  produces  primary  and  secondary  silver  zinc  batteries,  primary  silver  chloride 
magnesium  batteries,  and  seccmdary  silver  cadmium  batteries.  Yaidney  has  the  capability  to 
produce  secondary  luckel  hydrogen  cells  and  batteries  but  has  not  produced  any  in  over  a  year. 
They  have  maintained  this  oqiability  hoping  for  revived  business  but  will  soon  start  selling  their 
idle  equqmient 

1. 2.2.2  Lithium  Battery  Marketplace  Demand 

Figure  7-3  illustrates  scnne  typical  military  and  commercial  applications  for  lithium  based 
batteries.  All  applications  shown  use  either  primary  lithium  sulfur  dioxide,  lithium  thionyl 
chlmide,  or  lithium  manganese  dioxide  batteries,  and  in  some  instances,  applications  iruiy  use  more 
than  one  form  of  lithium  chemistry.  Secondary  (rechargeable)  lithium  manganese  dioxide  and 
lithium  ion  batteries  are  available  in  limited  supply  for  portable  computer  and  cellular  telephcHie 
applications. 
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Typical  Lithium  Sulfur  Dioxide  Battery  Applications 
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Typical  Lithium  Manganese  Dioxide  Battery 
Applications 
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Figure  7«3.  Lithium  Battery  Applications 


7.2.2.2.1  Militsoy  castomers 

The  lithium  marketplace  has  been  driven  primarily  by  military  sales  with  some 
commercialAetail  sales  of  lithium  sulfur  dioxide  and  lidiium  thionyl  chloride  batteries.  The  most 
common  mUitary  lithium  primary  battery  is  lithium  sulfur  dioxide.  The  main  military  customer  is 
the  U.S.  Army  Communications  and  Electronics  Command  (CECOM).  CECOM  purchases 
lithium  sulfur  dioxide  batteries  for  the  Army  and  Marines  in  suppon  of  manpmtable  (in  the  field) 
electronics.  These  electronics  include  night  vision  devices,  global  positioning  systems,  chemical 
agent  detection  and  monitoring  devices,  wallde  talkies,  and  portaUe  conqruters. 
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After  completion  of  three  contracts  (one  eadi  with  Ballard  Battery  Systems.  PCI,  and 
SAFT  America),  CECOM  will  not  pindiase  any  more  hdiiiim  sulfur  dioxide  batteries.  These  three 
contracts  and  surplus  from  the  Gulf  War  will  satisfy  CECOM's  requirements  for  the  next  three  to 
five  years.  At  that  time,  CECOM  intends  to  purchase  batteries  utilizing  the  next  generation  of 
litiuum  chemistry  or  some  other  rqjlacement  chemistry. 

The  contract  sigiwd  in  1990  with  Ballard  Battery  Systems  was  designed  to  be  a  five  year 
contract  CSCOM,  primarily  due  to  the  Gulf  War,  accelerated  delivery  under  the  contract  and 
Ballard  plans  to  su|q>ly  CECOM  with  litiiium  sulfrir  dioxide  BAS6(X)  batteries  only  dirough  the  eod 
of  1994. 

In  the  begiiuiing  of  1994  two  one  year  contracts  were  signed  witii  PCI  and  SAFT  America 
for  six  different  configurations  of  lithium  sulfur  dioxide  batteries.  Four  of  these  batteries  were 
ccmtracted  as  cmitingency  batteries  (for  the  postilnlity  of  newly  developed/inq>lem«tted  systems) 
but  probably  will  never  be  produced.  The  main  battery  siqrplied  by  both  manufacturers  is  the 
lithium  sulfur  dioxide  BAS586  batteries  for  the  PRC126  radio. 

If  CECOM  finds  dut  another  lidiium  diemistry  is  more  cost  efiective  than  the  lidiium  sulfur 
dioxide  battery  and  supplies  die  requited  perfrxmance  characteristics,  the  lithium  sulfur  dioxide 
system  may  disappear  from  the  battery  market.  Manufacturers  are  aware  of  this  situation  and 
realize  that  when  present  contracts  end,  there  will  likely  be  no  major  military  donand  for  lithium 
sulfur  dioxide  batteries.  This  downsizing  has  already  l^t  three  nianufacturers  with  excess 
manufacturing  capacity,  and  a  fourth  manufacturer  has  a  con^ilete  lithium  sulfur  dioxide 
pioductioo  line  for  militaiy  batteries  that  never  produced  a  single  production  run  for  the  militaiy. 

The  Navy  has  been  satisfied  with  die  lithium  manganese  dioxide  battery  systems  for  their 
triplications  and  will  continue  using  them  because  of  their  increased  safety  ova-  lidiium  sulfur 
dioxide  batteries.  The  Navy  also  will  consider  the  lithium  thimiyl  chloride  chemistry  for  use  in 
miiies;  they  will  introduce  diese  new  mines  in  the  1995  time  fiwne. 

1.22.2.1  (jommetcial  customers 

The  commercial  market  uses  lithium  thionyl  chloride,  lithium  sulfur  dioxide,  and  lithium 
manganese  dioxide  batteries  in  a  small  number  of  applications.  Commercial  applications  of 
primary  lithium  thionyl  chloride  batteries  include  animal  tracking  devices,  oil  drilling  electronics, 
timing  devices,  and  life  support  systems.  Commercial  applications  of  primary  lithium  manganese 


dioxide  baoeries  include  watches,  calculators,  and  camms.  Commercial  applications  lithium 
sulfur  dioxide  hatteries  include  medical  devices,  animal  tracking  devices,  and  lighting  on  mining 
helmets. 

Hgure  7-4  depicts  North  American  military,  fmeign  military,  and  coounercial  lithium 
hattery  sales  figures  from  the  five  military  Udiium  battery  siq)pliers.  Other  commercial  suppliers  of 
lidiium  batteries  include  Duracell,  Eveready,  and  odter  foreign  companies.  Commercial  sales  of 
lithium  batteries  are  small  in  coiiqMrison  to  military  sales.  Of  the  four  military  lithium  battery 
producers,  total  military  sales  in  1993  were  q)proximately  $26.3  million.  All  five  manufacturers 
combined  for  $38.4  million  in  total  lithium  battery  sales  in  1993  with  ^)ptoxiiiuttely  $6  million  in 
foreign  milhary  lithium  sales  and  $6.1  million  in  commercial  lithium  batteo^  sales. 
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Figure  7<4.  Lithium  Battery  Sales 


7.2.2.3  lithium  Battery  Maikeiplaoe  Trends 

The  present  market  for  lidiium  batteries  rqiresents  a  small  fraction  of  the  overall  battery 
market,  and  they  are  not  as  popular  in  the  commercial  markeQilace  as  alkaline  or  nickel 
batteries.  However,  in  today's  market,  primary  lithium  batteries  ate  available,  and  secondary 
lithium  ion  and  lithium  manganese  dioxide  batteries  are  available  commercially  for  laptop 
cmnputers  and  cellular  telephones.  Lithium  battery  technology  has  had  a  greater  denumd  in 
military  applicaticms.  A  large  part  of  the  military's  primary  battery  budget  was  for  lithium 
batteries,  mainly  liduum  sulfur  dioxide  batteries. 

The  dcnnestic  demand  for  lithium  batteries  will  grow  steadily  ^  expected  to  reach  $10 
millitMi  for  liduum  rechargeable  batteries  and  $120  million  for  lidiium  primary  batteries  by  die  year 
2000.  This  increase  will  be  driven  by  die  development  and  consumer  demand  for  pmtable,  battery 
operated  electronics  and  devices.  Today  much  of  diis  demand  is  filled  by  nickel  cadmium  batteries; 
in  the  future  it  may  be  filled  by  nickel  metal  hydride  batteries  due  to  their  higher  energy  density 
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than  nickel  rarfininm  batteries.  The  consumer  demand  for  longer  service  time  jnesents  an 
qqxvtunity  for  secondary  lithium  batteries.  The  large  scale  introduction  of  these  batteries  into  the 
commercial  market  will  be  slow  until  the  cycle  life,  rate  capability,  reliability,  safety,  and 
coo^wtitive  cost  (to  odm*  chemistiies)  have  been  demonstrated. 

Oxnmercially,  Duracell  has  limited  die  availalde  configurations  of  their  lithium  nuuiganese 
dioxide  batteries  for  cameras.  This  has  prompted  these  electronics  manufacturers  to  design  their 
products  arcHuid  the  Duracell  batteries.  This  standardization  shcnild  soon  find  its  place  in  the 
portable  conqiuter  battery  market  as  well  and  should  affect  the  future  of  lithium  batteries. 

Die  decision  by  CECOM  to  suspend  lithium  sulfur  dioxide  procurements  has  dramatically 
changed  the  face  of  the  marketplace.  The  cost  of  lithium  sulfur  dioxide  batteries  has  prompted 
CECX)M  to  conqilete  its  present  contracts  and  study  the  cost  effectiveness  of  odier  battery  systems 
until  the  need  for  more  batteries  arises.  CECOM  will  consider  lithium  imi  or  lithium  manganese 
dioxide  batteries  as  a  potential  replacement  for  lithium  sulfur  dioxide  batteries.  If  these  other 
chemistries  mature  into  successful  products  and  satisfy  the  perfonnance  specificaticms,  CECOM 
will  likely  procure  lititium  battery  configurations  otiier  than  the  lithium  sulfur  dioxide  system. 
CECOM  cannot  be  sure  if  any  lithium  sulfur  dioxide  manufacturers  will  remain,  but  feels  that 
someone  may  retain,  or  be  willing  to  resurrect,  the  capalnlity.  SAFT  America-Valdese  almost 
closed  their  lithium  facility  after  the  Gulf  War  but  are  now  maintaining  limited  productitm  for  the 
military  and  are  atten^rting  to  transition  into  tire  commocial  lithium  markeQrlace.  Ballard  depends 
solely  on  sales  to  the  U.S.  and  Canadian  govemmmts  and  is  also  attempting  to  transition  into 
commercial  products.  Yardney  has  no  military  lithium  battery  sales.  PCI  will  ctxitinue  to  rely  cm 
government  sales.  PCI  hopes  for  future  increased  military  lithium  sales  through  their  lithium 
manganese  dioxide  pouch  batteiy. 

Safety  has  had  and  will  continue  to  have  a  large  infract  on  the  lithium  battery  marke^lace. 
Lithium  is  a  highly  reactive  metal  with  air  or  water,  and  tire  electrolytes,  sulfur  dicmide  and  thicmyl 
chloride,  are  toxic  gases.  Unfavorable  conditions  or  mishandling  of  these  batteries  can  incur 
undesitabie  chemical  reactions,  causing  the  batteiy  to  rupture  and  allowing  toxic  materials  and  toxic 
gases  to  escape.  These  safety  concerns  have  caused  the  Federal  Aviation  Administraticm  (FAA)  to 
prohibit  certain  lithium  sulfur  dioxide  and  lithium  thionyl  chlcnide  batteries  widiin  the  confines  of 
the  breathing  space  cm  airplanes. 

The  lack  of  military  demand  has  prompted  scnne  manufacturers  to  pursue  other  lithium 
chemistries  and  enter  deeper  into  the  commercial  market.  The  transition  into  the  commercial 
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fn«rlr#>tpiiiff#»  for  tfaesc  military  manufacturers  will  not  be  immediate  or  easy;  moreover,  tl^ 
commercial  d^nmnd  for  lithium  batteries  must  increase  in  order  to  present  a  viable  commercial 
base. 


7.2.3  Mercury  Batteries 


Mercury  batteries  are  not  a  hi^  demand  battery  chemistry  and  very  few  conqianies  offer 
production  of  this  c****-*"*^^^  system.  This  sectim  discusses  the  tmly  North  American  cmxqMuiy; 
Gold  Peak,  located  in  Qniut,  is  tile  (»ly  other  numufacturer. 

7.2.3. 1  Mercury  Battery  Marketplace  Sqiply 

Hguie  7-S  illustrates  the  only  domestic  producer  of  mercury  batteries.  The  chart  shows 
military  battny  sales  for  1993  and  military  battery  tmids  for  1994;  and  overall  conqiany  sales  for 
1993  and  trends  for  1994.  The  total  sales  dma  may  reflect  tmly  battery  sales,  or  it  may  reflect  the 
sum  of  battery  and  other  products  sales  (e.g.  -  electrcmic  chargers/analyzers,  electronic  devices). 
The  sales  data  fpcnn  siqipliers  did  not  betweoi  revenues  for  different  products.  Following 

the  diart  is  a  brief  overview  describing  the  conqiany,  its  products,  capabilities,  and  customers. 
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Figure  7-5.  Companies  in  the  Mercury  Battery  Market 


7.2.3.1.1  Alexander  Batteries 

Alexander  Batteries,  located  in  Mason  City,  Iowa,  is  a  family  owned  business  with 
apinoximately  400  employees.  Alexander  Battoies  is  the  only  domestic  producer  of  mercury  cells 
and  only  world  producer  of  cylindrical  mercury  cells.  The  company  produces  batteries  for  medical 
equiinnent,  cellular  telephones,  and  portable  electrcmic  devices.  The  medical  equipment  is  mostly 
portable  monitor  equqntKnt,  and  the  ctnnpany  supplies  replacement  batteries  for  differait  types  of 
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electronic  devices.  Approximately  10%  of  Alexander  Batteries'  total  business  is  with  the 
government  (including  GS  A). 


The  company  {nimarily  repackages  pie-puichased  cells  but  also  manufactures  mercury 
cells.  Alexander  Batteries  began  manufacturing  mercury  cells  in  1983.  Prior  to  1983,  the 
conqnny  purchased  mercury  cells  finran  Duiacell  and  packaged  die  final  product,  but  increasmg  cell 
costs  prooqited  Alexander  to  manufacture  the  cells  in  house.  The  mercury  cells  are  available  in 
limited  axes. 

The  company  stated  that  80%  of  their  mercurv  battery  productitm  is  fix'  the  U.S.  military. 
Most  of  the  conmiercial  market  is  supplied  with  olt  cells;  these  are  used  for  portable 

medical  monitors  in  hospitals.  Alexander  Batteries  did  not  provide  any  other  specific  sales 
informatimi. 

1.23.1  Mercury  Battery  Marketplace  Demand 

Hgure  7-6  illustrates  sook  typical  military  and  commercial  applications  for  mercury 
primary  batteries. 
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Figure  7-6.  Mercury  Battery  Applications 


7.2.3.2.1  Military  customers 

The  mercury  market  is  driven  almost  totally  by  the  military.  There  is  only  one  North 
American  manufacturer  of  mercury  batteries,  and  80%  of  the  company's  mercury  battery 
production  is  for  rrtilitary  systems.  The  military  uses  the  mercury  batteries  primarily  to  support 
legacy  systems  from  the  1960's  and  early  1970's.  As  these  legacy  systems  are  replaced,  new 
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systems  will  utilize  other  chemistries.  The  Navy  uses  mercury  batteries  in  mines  and,  because  they 
have  long  shelf  Uves,  they  will  be  around  for  a  while.  However,  when  the  Navy  replaces  these 
systems,  the  demand  for  mercury  batteries  will  decrease.  Demand  in  early  1994  from  all  four 
Service  branches  has  increased  frcnn  1993  in  support  of  legacy  radio  systems  and  Navy  mines,  but 
diis  is  an  anomaly;  future  demand  will  decrease. 

7.2.3.2.2  Commemial  customers 

Primary  commercial  use  of  mercury  batteries  is  for  medical  portable  electronics  such  as 
heart  monitors.  Due  to  the  safety  concerns  of  mercury,  thirteen  states  have  harmed  the  commercial 
sale  of  mercury  batteries,  and  it  is  likely  that  trxne  will  follow.  Some  states,  such  as  New  Jersey 
and  Mirmesota,  presently  offer  exemptions  to  the  mercury  battery  ban  only  for  batteries  siqrporting 
medical  equipment 

7.2.3.3  Mercury  Battery  Marketplace  Trends 

CECOM  and  others  are  trying  to  move  away  from  mercury  batteries,  primarily  due  to 
environmental  ccmcems.  Presently,  CECOM  is  purchasing  mercury  batteries  to  support  legacy 
systems,  but  as  these  systems  ate  replaced,  the  mlitary  will  discontinue  procurements  of  the 
mercury  battery  chemistry. 

The  military  has  provided  Alexander  Batteries  with  80%  of  its  business,  ^th  the  military 
phase  out  of  mercury  batteries,  this  company  will  probably  discontinue  mercury  battery 
manufacturing.  The  military,  considering  the  environmental  inopact  of  mercury  and  the  advances  in 
other  battery  chemistries,  does  not  see  the  loss  of  the  mercury  battery  chemistry  as  a  major 
concern. 


7.2.4  Silver  Zinc  /  Silver  Cadmium  Batteries 

Silver  zinc  batteries  can  be  either  primary,  primary  reserve,  or  secondary  while  silver 
carimiiim  batteries  are  a  secondary  battery.  The  military  uses  these  batteries  primarily  on  missiles, 
torpedoes,  and  underwater  vehicles.  The  commercial  market  for  both  chemistries  is  small; 
however,  primary  silver  zinc  batteries  are  commonly  used  for  small  portable  electraiics. 
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7.2.4. 1  Silver  Battery  Maikeq>laoe  Sq^ly 

Hgure  7-7  illustrates  various  onnpames  and  their  products.  The  chart  shows  military 
batteiy  sales  for  1993  and  military  battery  trends  for  1994;  and  overall  company  sales  for  1993  and 
trends  for  1994.  The  total  sales  data  may  reflect  tmly  battery  sales,  or  it  may  reflect  the  sum  of 
battery  arul  odier  products  sales  (e.g.  -  electronic  chargers/analyzers,  electronic  devices).  The 
sales  data  fifom  stqrpliers  did  not  delineate  between  revenues  for  different  products.  Following  the 
chart  is  a  brief  overview  of  each  conqrany  describing  the  company,  its  products,  curabilities,  and 
customers. 
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Figure  7>7.  Companies  in  tiie  Silver  Battery  Market 


7.2.4. 1 . 1  BST  Systems,  Inc. 

BST  Systems  is  located  in  Plainfield,  Connecticut  and  has  been  in  business  for 
approxinuttely  eleven  years.  The  company  manufactures  battery  cells  and  assembles  the  final 
battery  products  on  a  three  shift  rotation.  BST  batteries  are  sold  mostly  to  military  and  govenunent 
customers,  but  die  conqiany  also  has  sales  to  some  commercial  customers.  During  the  last  eleven 
years,  BST  has  expanded  their  assembly  facility  and  installed  and  updated  automated  equipment  to 
meet  die  production  donands  of  dieir  customers. 

BST  manufactures  a  variety  of  primary  and  secondary  silver  zinc  batteries  and  has  the 
capability  to  manufacture  silver  cadmium  batteries.  In  1993  military  sales  accounted  for 
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approximately  80%  of  BSPs  total  sales  with  20%  commercial  sales.  The  Navy  uses  these 
batteries  on  many  different  training  equipment  systems  and  armament  systems  such  as  deep  sea 
rescue  vehicles,  deep  submergmee  vehicles,  submarines,  target  drones,  and  missiles.  Aax>space 
con^Muties  use  BST  batteries  in  the  Space  Shuttle  and  die  Delta  rocket  system.  The  most  ccxnmon 
commercial  silver  battery  which  BST  manufactures  is  used  in  electronic  news  gadiering  equipment 
devices. 

BST  currently  does  not  have  any  demand  for  their  silver  cadmium  batteries,  but  they 
continue  to  offer  the  ciqubility  to  interested  customers.  The  company  does  not  sell  any  of  their 
products  to  the  Canadian  government  or  military,  but  they  have  sold  products  to  countries 
overseas. 

7 .2.4. 1 .2  Eagle-Picher  Industries  (EH) 

See  section  7^1.1. 1  for  addititHud  information. 

The  Eagle-Picher  facility  in  Joplin,  Missouri  manufactures  thermal,  silver  zinc,  and  silver 
cadmium  batteries  for  mostly  military  customers.  EPI  supplies  silver  batteries  to  Navy  customers 
for  various  applications  including  missiles,  unpedoes,  and  underwater  vehicle  propulsion  systems, 

Eagle-Picher  is  a  majw  supplier  of  primary  and  primary  reserve  silver  zinc  batteries  to  die 
military.  Their  battoies  are  used  in  nuuiy  different  missile  systems.  Yardney,  Whittaker,  and 
Eagle-Picher  all  have  been  suppliers  of  the  primary  reserve  silver  zino  batteries  to  the  Navy,  but 
with  the  military  downsizing,  Eagle-Picher  may  become  the  sole  supplier  for  naval  qiplications. 
Yardney’s  production  contracts  for  these  batteries  ended  in  FY93,  aiKi  Whittaker  does  not  have  a 
strong  foc^old  with  the  Navy.  In  particular,  both  Yardney  and  Eagle-Picher  build  the  DS  battery 
for  Navy  systems,  but  beginning  in  FY94  all  contracts  for  these  batteries  will  be  with  EPI. 

7.2.4. 1 .3  Whittaker  Power  Storage  Systems 

Whittaker  Power  Storage  Systems  ( WPSS)  is  located  in  Denver,  Colorado  and  is  a  division 
of  publicly  held  parent  company  Whittaker.  The  parent  Whittaker  facility  is  located  in  the  Los 
Angeles,  California  area.  Whittaker  has  two  other  divisions  in  California:  Electronic  Systems 
located  in  Simi  Valley,  and  the  Controls  Divisiot  also  located  in  the  Los  Angeles  area. 


WPSS  handles  all  battery  cell  manufacturing,  battery  assembly,  and  testing  operadans  in 
their  own  facility  and  employs  approximately  SO  pet^le  for  these  opoations.  The  cooqrany  sells 
their  battnies  almost  exclusively  to  military  and  government  customers  and  has  supplied  foreign 
custoooers  in  the  past  WPSS  manufactures  and  assemUes  primary  and  primary  reserve  silver  zinc 
battery  systems.  The  batteries  are  used  mostly  in  missile  systems. 

In  1993  WPSS  had  i^toximately  $8  million  dollars  in  sales.  Recent  military  cutbacks 
have  affected  Whittaker.  WPSS  curiendy  has  production  cqracity  of  tqrproximatBly  3000  units  per 
year  but  is  not  running  at  full  capacity  in  1994. 

7.2.4. 1 .4  Yatdney  Technical  Products  Inc. 

See  secdmi  7.2.2.1.S  fcv  additional  information. 

Yardney  produces  primary,  primary  reserve,  and  secondary  silver  zinc  batteries  and 
secondary  silver  cadmium  batteries.  The  U.S.  military  is  Yardney's  main  custcxner.  Total  sales  of 
silver  zinc  and  silver  cadmium  batteries  were  $12  million  in  1993  which  military  sales  accounted 
for  approximately  $9.6  million.  Yardney  has  die  ciqralnlity  to  produce  secondary  nkkel  hydrogen 
cells  and  batteries  but  has  not  produced  any  in  ova  a  year.  They  have  maintained  this  capability 
hoping  for  revived  business  but  will  soon  start  selling  their  equipment  if  they  continue  to  not 
receive  steady  orders  for  die  battery. 

The  silver  cadmium  batteries  produced  by  Yardney  support  only  one  U.S.  military 
^iplication,  the  MK  48  torpedo.  These  silver  cadmium  battery  sales  in  1993  were  approximately 
$250,000.  Yatdney  will  oorrqilete  their  existing  silver  cadmium  contract  at  the  end  of  1994.  Since 
the  Navy  uses  die  MK  48  torpedo  fOT  training  cxocises,  there  voll  noost  likely  be  continued, 
although  limited,  demand  for  the  silver  cadmium  battery.  Yarc^^ey  also  manufactures  non¬ 
magnetic  silver  cadmium  batteries  used  in  satellites  for  an  Italian  Aerospace  company.  This 
equates  to  approximately  $100,000  wrnth  of  yearly  business.  Silver  cadmium  batteries  are 
manufactured  essentially  on  die  same  productkKi  line  as  the  silver  zinc  batteries  except  for  separate 
handling  of  the  cadmium. 

Yatdney  does  have  a  dedicated  Battery  Ccmtrol  Line  (BCL)  fen-  production  of  the  Navy  DS 
silver  zinc  battery  that  is  used  for  the  Trident  II  missile  system.  Previously,  Yatdney  manufactured 
the  C3  Poseidon  and  C4  Trident  silver  zinc  missile  system  batteries  on  dieir  regular  production 
lines,  but  Lockheed  (the  prime  contractor)  wanted  a  dedicated  line  for  the  D4  and  D5  Trident 
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battery.  Yardney  does  not  have  additional  orders  for  this  DS  silver  zinc  battery,  and  the  pcodixnion 
line  is  idle.  The  Navy  owns  all  of  die  equi|»nent  for  this  producticMi  line,  and  Yaidney  is  waiting 
for  Lockheed  to  instruct  them  what  to  do  with  the  equipment  Lockheed  will  either  remove  it  ca¬ 
use  it  i  I  other  production  within  the  Yardney  facility. 

7.2.4.2  Silver  Battery  Maikeqilaoe  Demand 

Hgure  7-8  illustrates  some  typical  military  and  commercial  applications  for  primary  and 
secondary  silver  zinc  batteries  and  secondary  silver  cadmium  batteries. 
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Figure  7-8.  Silver  Battery  Applications 


7.2.4.2.1  Military  customers 

The  most  widely  used  batteries  in  the  silver  chemistry  are  silver  zinc  primary,  primary 
reserve,  and  secondary  batteries.  The  military  uses  primary  reserve  silver  zinc  batteries  mosdy  on 
missiles  and  secondary  silver  zinc  batteries  on  torpedoes  and  underwater  prc^ulsicMi.  The  silver 
zinc  batteries  used  by  the  military  are  quite  different  from  the  small,  single  cell  batteries  used  in 


oomoiadal  dectronic  devices.  The  market  for  silver  zinc  batteries  has  two  general  facets:  the 
sin^  cell  batteries  fior  small  electronic  devices  and  the  multi-cdl  batteries  for  military  applications. 

7.2.4.2.2  Commeroial  customers 

The  axnmeroialmaiket  for  the  silver  chemistry  coofiguiatioos  is  small.  Mmaiy  silver  zinc 
batteries  ate  commonly  used  for  miall  portable  electronics  such  as  calculators,  watches,  and 
heatingaids;  seoondaiy  silver  zinc  batteries  are  used  in  news  gathering  equiinnenL  The  multi-cell 
industrial  silver  zinc  batteries  used  in  the  news  gathering  equipment  constitute  only  a  few  percent 
of  the  overall  silver  zinc  battery  usage.  Secondary  silver  zinc  batteries  dfer  a  lot  of  power  but  are 
not  truly  practical  in  the  commercial  market  They  are  somewhat  expensive  and  usually  only  give 
60  to  100  cycles. 

7.2.4.3  Silver  Battery  Matkeqilaoe  Trends 

Silver  zinc  primary  batteries  likely  will  continue  to  serve  niche  markets  where  the  cost  of 
the  battery  is  acceptable  relative  to  the  application.  In  particular,  primary  reserve  silver  zinc 
batteries  will  ocmtinue  to  be  used  in  missiles  for  the  military,  and  silver  zinc  primary  batteries  wUl 
omtinoe  to  be  used  in  advanced  medical  devices.  The  small,  single  cell  batteries  used  for 
calculators  and  wristwatches  will  remain  a  stable  market  These  batteries  offer  good  power,  long 
cycle  lifiB,  and  acoeptaUe  cost  They  are  mass  produced  for  dte  commercial  market  but  dte  military 
market  has  yet  to  inqrlement  them  into  dieirqrplications. 

Silver  zinc  secondary  batteries,  even  diough  they  offer  good  power,  have  relatively  short 
cycle  life.  Th^  are  used  in  a  small  number  of  commercial  qrplications  and  most  likely  will  remain 
a  military  battery. 

The  future  of  the  silver  battery  industry  will  be  dictated  primarily  by  the  military  and 
aerospace  markets.  For  silver  zinc  primary  batteries,  annual  U.S.  sales  are  expected  to  grow  from 
$15  million  in  1992  to  approximately  $18  to  $^  million  in  2000.  Secondary  silver  zinc  battery 
armual  U.S.  sales  are  expected  to  grow  from  $32  million  in  1992  to  approximately  $60  to  $80 
million  in  2000.  Silver  zinc  battery  usage  within  the  military  may  increase  in  the  near  future  with 
inqnoved  silver  zinc  batteries;  research  is  ongoing  to  inqnove  the  ptxqrerties  and  cycle  life  of  these 
batteries.  NASA  should  emtinue  to  be  a  large  customer  of  silver  zinc  batteries;  Eagle-Picher 
Industries  claims  diat  every  maruied  space  flight  from  Mercury  through  Gemini,  Apollo  and  now 
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the  Space  Shuttle  have  used  their  silver  zinc  batteries.  One  of  the  major  drawbacks  of  silvo-  zinc 
batteries  is  their  cost 

Silver  cadmium  batteries  are  very  expensive  but  satisfy  a  niche  market.  With 
environmental  concerns  over  cadmium,  limited  iqsplications,  decreasing  defense  dollars,  and 
inqirovements  in  other  chemistries,  the  silver  cadmium  electrochemical  system  faces  an  unclear 
future  market  demand. 

Silver  cadnriiim  secondary  batteries  are  used  in  militaiy  torpedoes  and  commercially  for 
portaUe  power  tools  and  satellites.  All  of  these  markets  are  very  small.  Silver  raHminiYi  is  an 
expensive  system  with  limited  applications  and  an  environmentally  unfriendly  component 
(cadmium).  This  battery  system  will  experience  little  future  growth  and  will  continue  to  satisfy 
small  niche  iqrplications.  Growth  for  silver  cadmium  batteries  is  projected  to  increase  slightly  from 
1992  sales  of  $1.S  tnmion  to  $2  to  $2J  million  in  2000. 

7.2.5  Lead  Add  Batteries 

Leadacidbatteiy  technology  has  been  in  use  for  over  100  years.  Lead  acid  batteries  are  the 
most  widely  used  secondary  (rechargeaUe)  batteries  in  the  wmld.  Applications  ^uui  the  range 
from  small  portable  electronics  to  large  militaty  systems.  The  popularity  of  lead  acid  bancries  is 
attributed  to  die  truuutity  of  the  technology,  the  low  cost  of  materials,  the  widespread  recycling  of 
lead,  and  a  relatively  wide  tetrqierature  range  for  cycling  and  non-cycling  qiplicatitxis. 

This  section  deals  only  widi  lead  add  systems  since  they  ate  the  nxist  comnxm  in  the 
family,  but  anodier  niche  lead  battery  chemistry  is  the  lead  lead  dioxide  primary  reserve  system. 
This  battery  is  used  by  die  Army  and  Navy  for  projectile  fuses  and  is  produced  by  a  sole 
manufrcturer,  Acudyne. 

7.2.5. 1  Lead  Add  Battery  Marke^lace  Siqiply 

Figure  7-9  illustrates  lead  acid  battery  manufacturers  and  their  products.  These  four 
suppliers  are  not  the  only  lead  acid  battery  suppliers  throughout  North  America;  rather,  they  are 
the  suppliers  that  were  identified  for  this  report  as  dealing  within  the  military/govemment 
envircmment  Other  suppliers  exist  that  satisfy  commordal  demand.  The  chart  shows  military 
battery  sales  for  1993,  military  battery  trends  for  1994,  and  overall  ctm^iany  sales  fen*  1993  and 
trends  for  1994.  The  total  sales  data  may  reflect  only  battery  sales,  or  it  may  reflect  the  sum  of 
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batteiy  and  other  products  sales  (e.g.  -  electronic  chaigers/analyzers,  electronic  devices).  The 
sales  data  from  siqqiliers  did  not  delineate  between  revenues  fm-  different  products.  Following  the 
chart  is  a  brief  overview  describing  each  company,  its  products,  capabilities,  and  custcmets. 
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Figure  7«9.  Companies  in  the  Lead  Acid  Battery  Market 


7.2.S.1.1  Concorde  Battery  Corporation 

Concorde  is  a  small,  privately  held  ccanpany  which  started  in  1977  making  plates  for 
batteries.  In  1980  Concorde  made  their  first  lead  acid  batteries  fm*  aircraft  applicatitms.  The 
owners  of  Concorde  own  another  company  named  Interspace  Battery,  Inc.;  it  is  located  in  the 
same  facility  as  Concorde.  Interspace  makes  plates  fOT  batteries  which  are  sold  in  and  outside  of 
the  United  States,  one  identified  customer  being  Mexico. 

Concorde  has  an  equal  split  in  sales  between  military  and  commercial  markets,  widi  75%  of 
all  sealed  lead  acid  battery  sales  to  the  military.  Concorde  produces  lead  acid  batteries  for 
wheelchairs,  conunercial  marine,  commercial  general  aviation  aircraft  (corporate  and  private 
airplanes  -  not  commercial  jetliners),  and  military  aircraft 

Concorde's  primary  military  customers  are  the  Navy  and  Air  Force.  (Concorde  is  working 
with  the  Air  Force  on  a  retrofit  program  for  the  KC13S  aircraft;  this  will  include  the  rqrlacement  of 
nickel  cadmium  batteries  with  sealed  lead  acid  batteries.  dbncOTde  also  has  qualified  batteries  fcH* 
the  Air  Force  and  the  Navy  to  use  on  the  C130  and  P-3  aircraft.  Canada  and  the  U.S.  Navy  use 
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Coacofde  batteries  on  dieir  F18  auciaft  This  battery  also  is  used  in  the  H-46  helict^ter.  F-ll? 
Stealth,  and  die  AV-8B. 

7.2.S.1.2  C  &  D  Charter  Power  Systems,  Inc. 

C&D  Charter  Power  Systems,  Inc.  (C&D)  is  a  whoUy*owned  subsidiary  Charter  Power 
Systems,  Inc.  Charter  Power  Systems  is  a  publicly  traded  corporation  on  the  American  Stock 
Exdiange.  In  1992,  C&D  was  reorganized  into  three  business  units:  the  Standby  Power  unit,  die 
Motive  Power  unit,  and  the  Power  Electronics  unit  In  that  same  year,  C&D  cmiqiileted  die 
acquisition  of  Ratelco,  Inc.,  a  Seatde,  Washingtm-based  producer  of  direct-current  power 
equipment  for  the  communications  industry.  This  acquisition  expanded  dieir  industrial  batmry 
market 


C&D  makes  lead  acid  batteries  and  battery  power  systems  for  commercial,  industrial,  and 
government  stand-by  power  systems  (including  uninterruptible  power  supplies)  and  automotive 
markets. 

C&D*s  1993  armual  sales  were  $163  million,  oi  which  $2  millimi  were  from  sales  to  the 
govemment  Of  that  $2  miUion,  $1.8  million  were  for  batteries  for  the  Trident  submarine  and 
qiproximately  $2(X)K  were  for  die  Minuteman  ndssiie  system.  The  Trident  cmitract  is  scheduled 
to  end  in  die  summer  of  1994,  but  C&D  will  maintain  this  production  ciqiability.  The  only  odier 
manufacturer  of  the  Trident  submarine  battery  is  GNB  Battery  Techmdogies. 

C&D  is  the  single  source  producer  of  the  Minuteman  Missile  silo  batteries  and  has  a 
crmtract  scheduled  to  end  in  June  of  1994.  However,  this  contract  has  been  extended,  and  the 
vrdume  has  been  increased  twelve  fold.  C&D  ccmsiders  these  batteries  easy  to  make  and  gmilar  to 
dieir  motive  power  battery. 

7.2.5. 1 .3  GNB  Battery  TechrKdogies  Inc. 

GNB  (Gould  National  Battery  )  Battery  Technologies  Inc.  is  owned  by  Pacific  Dunlop 
GNB  Holdings  Inc.  in  Chicago,  Illinois,  which  in  turn  is  owned  by  Pacific  Dunlr^  rimitwH  in 
Melbourne,  Australia.  GNB  markets  automotive  and  industrial  batteries  in  over  SO  countries  and 
has  24  manufacturing  plants  (20  in  North  America). 
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GNB  is  the  thiid  largest  battery  manufacturer  in  Ae  worid.  the  second  largest  lead  acid 
battery  recycler  in  the  worid,  and  the  largest  battery  manufacturer  in  North  America.  GNB 
manufactures  flooded  and  valve  regulated  (sealed)  lead  acid  batteries.  GNB  had  $779  million  in 
sales  in  1993  and  does  $6  to  $10  million  of  business  aimually  in  submarine  batteries. 

GNB's  main  military  customer  is  the  U.S.  Navy.  GNB  batteries  are  on  27  Navy  Spruance 
ships  aixl  in  Sea  Wolf  submarines.  GNB  also  supplies  batteries  to  the  U.S.  Air  Force  for  missile 
silo  backup  and  has  approximately  $6.3  million  worth  of  batteries  in  missile  silos. 

7.2.5. 1 .4  Johnson  Controls 

Johnson  Controls  (JC)  is  composed  of  four  business  groups:  Control  Group,  Auto 
Seating  Group  (ASG),  Plastics  Group,  and  Battery  Group  (BG).  The  Control  Group  has  330 
branches  worldwide  and  is  involved  in  facilities  rrumagement  (e.g.  -  Cape  Caiuiveral  and  Indiaiui 
HoosierDome).  The  ASG  manufactures  autcxnotive  seats  for  a  variety  of  auto  manufacturers;  the 
Plastics  Group  produces  a  variety  of  plastic  containers;  and  the  Battery  Group  produces  automodve 
batteries. 

The  JC’BG  manufactures  lead  acid  batteries,  and  their  qtecialty  batteries  division.  Globe 
Union,  manufactures  gel.  wet,  and  absoibed  glass  mat  (AGM)  lead  acid  batteries  and  nickel  metal 
hydride  batteries.  JC  has  a  program  with  W.R.  Grace  in  Maryland  to  produce  lithium  polymer 
batteries.  JC-BG  has  battery  manufacturing  facilities  throughout  the  United  States.  The  specialty 
batteries  division  employs  300  people  and  has  a  productimi  c^racity  of  (me  million  batteries  per 
year. 

The  JC-BG  produces  one  out  of  every  three  autcunotive  batteries  sold  in  the  United  States 
under  the  brand  names  of  Sears  Die  Hard,  Interstate,  Ford  Motor,  Wal  Mart,  Energizer,  and 
Eveteady.  Last  year  the  battery  group  had  $700  millicm  in  sales.  Globe  Union  was  bought  by  JC- 
BG  in  1978,  and  accounted  for  $50  millicm  of  the  $700  millicm  battery  revenues.  JC  sells  85%  of 
its  batteries  to  the  automotive  aftermarket  The  banery  shipments  increased  4.5%  f(7  JC  in  1993, 
but  sales  revenues  decreased  slightly  due  to  lower  bftttery  selling  prices.  These  lower  selling  prices 
were  caused  in  part  by  decreased  cost  of  raw  materials. 

JC-BG  supplies  these  aftermarket,  replacement  batteries  to  almost  all  of  the  major 
automotive  rrutkers  in  North  America,  Asia,  Europe,  and  Australia.  JC-BG  is  not  aware  of  any 
battery  sales  to  the  government  or  military,  but  it  is  likely  that  the  government  and  military 
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purchase  some  nund)a  of  JC  batteries  through  distributors  or  retailers  not  associated  widi  JC.  JC- 
BG  has  sold  batterks  to  the  Canadian  Department  of  Defense  and  Canadian  nuclear  power  plants 
for  backup  power  supply  systems.  The  specialty  division  has  sold  custom  batteries  to  bodi 
Lockheed  and  Motored  which  cost  upwards  of  $500,000  each. 

7.2.5.2  Lead  Acid  Battery  Maikeq)lace  Demand 

Figure  7-10  illustrates  some  typical  military  and  ctmunercial  aiq;>lications  for  lead  acid 
batteries.  All  lead  acid  batteries  discussed  here  are  secondary  batteries. 


1  Typical  Lead  Add  Battery  Applications  | 

Miiitary 

Commercial 

aircraft  engine  starting 

aircraft  engine  starting 

silobeckiq) 

automotive 

submarine  propulsian 

camconkrs 

utility  vdiicles 

portaUe  conqruters 

Figure  7>10.  Lead  Add  Battery  Applications 


7.2.5.2.1  Military  cusKxners 

The  militaiy  uses  lead  acid  batteries  primarily  for  vehicle  starting,  lighting  and  ignition, 
aircraft  engine  starting,  aircraft  ground  equipment,  motive  power  on  submarines,  and  standby 
powar  systems  in  missile  alos.  Themanufactureof  lead  acid  batteries  does  not  vary  greatly  except 
for  configuration.  Submarine  lead  acid  batteri^  are  much  larger  than  an  automotive  lead  acid 
battery. 


7.2.5.2.2  Commercial  customers 

Although  there  are  lead  acid  batteries  for  such  things  as  portable  computers  and 
communications  devices,  the  lead  acid  market  is  almost  totally  driven  by  autmnotive  and  staiuiby 
power  applications.  This  has  kept  the  lead  acid  market  stable  and  growing  slowly.  The  largest 
market  for  lead  acid  batteries  is  in  die  automotive  aftermarket  (rqilacement  batteries). 


57 


7.2.5.3 


Lead  Acid  Battery  Maricetpiace  Trends 


Lead  acid  batteries  are  one  of  the  most  probaUe  candidates  for  use  in  electric  vehicles  in  the 
near  term.  Their  biggest  iiiq>ediment  is  their  weight 

For  certain  aviation  systems,  sealed  lead  acid  batteries  are  replacing  vented  nickel  cadmium 
batteries,  but  more  crnmnonly,  only  the  older,  vented  lead  acid  batteries  are  being  replaced  with 
valve-regulated,  sealed  lead  acid  batteries.  The  sealed  batteries  require  little  or  no  maintenance.  In 
particular,  the  KC-135  will  be  retrt^tted  with  die  valve-regulated,  sealed  lead  acid  battery  in  1995 
to  replace  the  vented  nickel  cadmium  battery.  The  sealed  lead  acid  battery  is  expected  to  have  a 
service  life  from  2  to  3  years. 

The  major  problem  that  the  aviation  market  faces  with  the  lead  acid  batteries  is  dieir  limited 
qietBting  tenqieratuir  ^ge,  but  recendy  the  batteries  have  been  installed  widi  heaters  to  maintain  a 
sadsfactoiy  operating  teiiqieratuie. 

With  an  established  commercial  base  and  maricet,  die  lead  acid  battery  industry  is  expected 
to  continue  strong  growth  into  the  year  2000.  U.S.  sales  of  lead  acid  modve  power  batteries  are 
expected  to  increase  fixim  $310  million  in  1992  to  $400  mdlion  in  2000;  standi^  power  system 
batteries  from  $280  million  in  1992  to  $415  miliitm  in  2000;  consumer  lead  acid  batteries  tom 
$160  million  in  1992  to  $300  million  in  2000;  and  automotive  lead  acid  battery  sales  from  $2,350 
million  in  1992  to  $3,000  million  in  2000. 

Increased  use  of  lead  acid  batteries  in  aircraft,  the  emergence  of  the  electric  vehicle,  the 
proven  manufacturing  processes,  the  use  of  recycled  lead,  and  the  continued  demand  in  the 
automotive  aftermarket  will  keq)  die  lead  acid  battery  market  strong  for  many  years. 

7.2.6  Nickel  Cadmium  Batteries 

Nickel  cadmium  is  the  most  widely  used  niclml  chemistry  by  the  military.  I^ckel  cadmium 
batteries  have  a  rugged  construction  and  proven  reliability.  Characteristics  like  high  power 
capabilities,  a  wide  qxrating  temperature  range,  and  Icmg  cycle  life  make  them  suitable  fm-  many 
applications.  In  smaller  sizes  they  may  be  sealed,  eliminating  water  addition  maintenance. 
Presently  North  America  has  three  major  military  nickel  cadmium  battery  suppliers.  These 
manufacturers  produce  military  and  commercial  aviation  battoies  vriiidi  are  quite  different  from  the 
commercial  cells  sold  in  the  retail  market  to  support  pmtaUe  consumer  electronics. 


7.2.6. 1 


{•Adoel  Cadmium  Maike^lace  Supply 


Figure  7-11  illustrates  various  companies  and  their  products.  The  chart  shows  military 
battery  sales  fw  1993  and  military  battery  trends  for  1994;  and  overaU  conquuiy  sales  for  1993  and 
trends  ftH- 1994.  The  total  sales  data  may  reflect  only  battery  sales,  or  it  may  reflect  the  sum  of 
battery  and  other  products  sales  (e.g.  -  electronic  chargers/aiudyzers,  electronic  devices).  The 
sales  data  from  suppliers  did  not  delineate  between  revenues  for  different  products.  Following  the 
chart  is  a  brief  overview  of  each  conq)any  describing  the  company,  its  products,  capabilities,  and 
customers. 
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Figure  7>11.  Companies  in  the  Nickel  Cadmium  Battery  Market 


7.2.6. 1 . 1  Eagle-Picher  Industries  Inc. 

See  sections  7.2.1. 1  and  7.2.4.1.2  for  additional  information. 

EPI’s  Colorado  Springs  facility  produces  nickel  cadmium  and  nickel  hydrogen  (a  cross 
between  a  battery  and  a  fuel  cell)  batteries.  Sales  of  these  batteries  have  been  historicaUy  stable 
with  an  equal  split  of  sales  between  aerospace  vehicles  and  aircraft  Of  EPI's  total  dollar  revenue, 
10%  has  come  from  die  production  of  qiecialty  batteries. 


Aerospace  batteries,  both  nickel  cadmium  and  nickel  hydrogen,  are  sold  to  NASA  and 
Hughes  frn*  use  in  satellites.  Aircraft  battery  sales  are  all  nickel  cadmium.  Of  the  50%  sales  for 


•ucnft,  40%  to  45%  are  for  dvilian  ainavft  (prunarUy  helk»ptm)  and  S%  to  10%  are  for  militaiy 
aircraft 

7.1.6.1.2  Maiatfaon  Power  Technologies 

Marafocm  Power  Technologies  is  located  in  Waco,  Texas.  The  ctnnpany  began  operations 
in  1970  and  is  owned  by  Penn  Central;  however,  the  cooqiany  may  be  sold  in  the  near  future,  and 
the  buyer  will  not  be  disclosed  until  after  the  sale.  Marathon  manufactures  and  repackages  nickel 
cadmium  sealed  and  vented  cells,  primarily  for  aviation. 

Approximately  17%  of  Marathon’s  business  is  with  the  U.S.  government  Total  sales  for 
Marathtm  are  i^pioxiinately  $17  to  $18  millicm  per  year.  Marathon  has  the  capability  for  much 
higher  government  sales  as  evidenced  in  1988  whoi  SAFT  had  been  disbarred  tire  government 
for  seven  months,  and  Marathon’s  government  sales  rose  to  50%  of  total  sales. 

7.2.6. 1.3  SAFT  America  Inc.  (Valdosta,  GA) 

See  secticxi  7J2.2.1.4  for  additicmal  infoimatitm. 

SAFTs  Industrial  Battery  Divisitm  is  located  in  Valdosta,  Georgia.  The  conqrany 
produces  nickd  cadmium  batteries  at  the  Valdosta  plant  for  aviation,  industrial  use,  and  electric 
vehicles.  The  aviation  batteries  are  used  mostly  for  civil  and  military  fixed  and  rotary  wing 
aircraft,  and  the  industrial  batteries  are  used  mostly  for  rail  transit  systems  and  standby  power.  All 
of  SAFTs  military  nickel  cadmium  batteries  are  Iniilt  in  Valdosta.  Some  of  tire  individual  cells 
may  be  produced  outside  the  U.S.  (Mexico  and  France),  but  over  51%  of  the  total  cost  of  tire 
battery  occurs  in  tire  U.S.  SAFT  produces  military  and  commercial  batteries  on  tire  same  assembly 
line.  The  conqrany  does  not  produce  any  nickel  naHmiiiiri  batteries  in  the  U.S.  fnr  portable 
electronic  devices. 

SAFT  Arrrerica-Valdosta  had  $19  million  in  sales  in  1993.  Six  million  dollars  of  that 
revenue  was  from  military  customers,  which  accounted  for  50%  of  SAFTs  production  volume. 
In  1993  Army  sales  totaled  $2.3  to  $2.4  million.  Navy  sales  totaled  $500,000,  Air  Force  sales 
tcnaled  $2  millicn),  and  foreign  military  sales  through  brokerage  totaled  $500,0(X)  ($68,(XX)  sold 
directly  to  foreign  embassies). 
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7.2.6.2 


Nickel  Cadmiirui  Batteo'  Matkeq>lace  Demand 


Figure  7-12  illustrates  some  typical  military  and  commercial  applications  for  nickel 
cadmium  batteries.  The  demand  discussed  in  this  section  deals  primarily  with  nickel  cadmium 
batteries  for  aviation  and  aerospace. 


1  Typical  Nickel  Cadmium  Battery  Applications  | 
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Figure  7-12.  Nickel  Cadmium  Battery  Applications 


7.2.6.2.1  Military  customers 

The  military  uses  nickel  cadmium  batteries  mostly  for  aircraft  and  aerospace  equipment 
These  batteries  are  capable  of  providing  high  power  levels  at  cold  temperatures.  McDonnell 
Douglas  uses  sealed  nickel  cadmium  batteries  on  its  MD-80  and  DC-9  aircraft,  and  Boeing  expects 
to  use  them  on  the  777  aircraft 

The  advantages  of  sealed  nickel  cadmium  batteries  are  lower  maintenance  costs  and  easier 
storage.  These  advantages  noake  worldwide  deployment  easier,  and  the  batteries  require 
maintenance  only  (nice  every  4  years.  Vented  nickel  cadmium  batteries  require  maintenance  every 
28  to  180  days.  The  Air  Force  is  expected  to  retrofit  some  B-52  aircraft  with  sealed  nickel 
cadmium  batteries  during  FY  94. 

Some  battery  manufacturers  are  working  with  the  Navy  to  field  a  series  of  voy  low 
maintenance,  vented  nickel  cadmium  batteries  that  may  require  mainteruuice  only  once  per  year. 
The  advantage  of  die  ultra-low  maintraance  battny  over  the  sealed  nicl»l  cadmium  batteries  is  that 
current  applicadcms  diat  use  nideel  cadmium  systems  do  not  need  to  be  altered  in  order  to  install  the 
new,  low  maintenance  system.  Therefore,  significant  savings  in  maintenance  qierations  will  be 
realized  without  a  significant  initial  inqilementation  cost 
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7.1. 6.2.2  Comuiacial  custraners 

The  commercial  market  for  nickel  cadmium  batteries  is  driven  primarily  by  pwtable 
electronics  and  commercial  aviation  sales.  Tlie  small  single  cell  batteries  that  populate  the 
conunercial  portable  electrcmics  marketplace  have  not  found  their  way  into  military  use;  these 
nickel  cadmium  batteries  do  not  last  as  long  as  other  batteries,  requite  additional  logistics  support 
for  charging,  and  in  some  cases  cost  more  than  other  batteries  already  being  used.  Lidtium  sulfur 
dioxide  batteries  are  ctHtummly  used  for  commercial  ^tplications  that  require  longer  cycle  lives 
dun  the  nickel  cadmium  batteiies. 

7.2.6.3  Nickel  Cadmium  Battery  Maikeqdace  Trends 

For  general  aviatiem  and  consumer  electrcmics  the  nickel  cadmium  market  is  fairiy  stable. 
Some  manufacturers  have  stated  that  general/cmnmercial  aviadon  nickel  cadmium  batteries  are 
better  quality  (mosdy  in  components,  but  also  in  seme  manufacturing  processes)  than  the  batteries 
purchased  by  some  tnanches  of  die  military. 

The  military  nickel  cadmium  maiket  is  also  stable.  Presendy  the  Air  Force  is  pursuing 
increased  use  of  maintenance-free  sealed  nickel  cadmium  batteries  to  replace  the  vented  nickel 
cadmium  batteries  and  some  vented  lead  add  systems.  Aldiough  the  nickel  cadmium  batteries  cost 
more  than  lead  acid  batteries,  the  Air  Force  can  save  approximately  $3000  in  annual  battery 
maintenance  costs  per  aircraft  when  compared  to  costing  vented  nickel  cadmium  systems.  The 
Navy  is  also  attenqAing  to  inqilement  an  ultra-low  maintenance,  vented  nickel  cadmium  system  diat 
can  decrease  maintenance  costs  and  does  not  require  modifications  to  the  ^licadtms.  For  the 
Icmger  term  future,  the  Air  Force  is  wc^ng  with  (me  nickel  cadmium  battery  manufacturer  to 
develop  a  battery  that  will  last  twenty  years  of  active  service. 

Future  demand  of  sealed  nickel  cadmium  batteries  is  projected  to  increase  from  $440 
millitm  in  1992  to  $520  million  by  the  year  2000.  Growth  in  nickel  cadmium  industrial  batteries  is 
projected  to  increase  from  $25  million  in  1992  to  $30  million  by  2000.  Growth  for  vented  aviation 
nickel  cadmium  batteries  is  projected  to  increase  from  $33  million  in  1992  to  $35  millkm  by  2000; 
this  small  amount  of  growth  is  caused  by  the  increasing  demand  for  sealed  nickel  cadmium 
batteries  rather  than  the  vented  type. 
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Nickel  metal  hydride  batteries  are  just  Mitering  the  ccnmnercial  market  Primary  use  of 
these  batteries  has  been  in  siqipart  of  personal  notebook  otxiqMiters.  Nickel  metal  hydride  baneries 
are  {Bojected  to  readi  a  $100  million  market  by  the  year  2000. 

7.2.7  Magnesium  Manganese  Dioxide  Batteries 

Magnesium  manganese  dioxide  batteries  are  an  dd  chemimy  with  limited  ^iplications  and 
no  strong  fbodiold  in  either  the  military  or  coomiercial  maricetplace. 

7.2.7. 1  Magnesium  Batteiy  Maikeqilaoe  Siqrply 

Figure  7-13  illustrates  two  identified  Ncvth  American  producers  of  military  magnesium 
manganese  dioxide  batteries.  The  total  sales  data  may  reflect  only  battery  sales,  or  it  may  reflect 
the  sum  of  battery  and  other  products  sales  (e.g.  -  electronic  chargers/analyzers,  electronic 
devices).  The  sales  data  firom  siqrpliers  did  not  delineate  between  revenues  for  different  products. 
Following  die  chart  is  a  brief  overview  describing  the  ccnnpany,  its  products,  capabilities,  and 
customers. 
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Figure  7-13.  Companies  in  the  Magnesium  Battery  Market 


7.2.7. 1.1  ACR  Electronics  Inc. 

ACR  was  founded  in  1956  by  David  H.  Rush  and  now  has  two  facilities  in  the  Ft. 
Lauderdale  area  employing  approximately  180  employees.  ACR  is  owned  by  North  Amoican 
Fund  n,  which  is  a  privately  owned  venture  capital  conqiany  consisting  of  a  $50  million  equity 
capital  partnership  of  major  institutional  investors  (University  of  Texas  endowment  funds, 
MacArdiur  Foundation,  Ameritech  Pension  Trust,  American  Family  Insurance). 
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ACR  produces  water-activated  magnesium  cuprous  iodide  batteries  and  magnesium 
manganese  dioxide  primary  dry  cell  batteries.  The  Navy  uses  the  magnesium  manganese  dioxide 
batteries  for  their  Captor  mines.  ACR  manufactures  the  magnesium  manganese  dioxide  cell 
batteries  at  one  facility  and  assembles  the  batteries  at  their  second  facility.  Ccmimacial  and  militaty 
magnesium  manganese  dioxide  cells  are  manufactured  on  the  same  production  line,  but  the 
production  equq)ment  is  not  automated  and  very  antiquated. 

ACR  is  the  single  source  supplier  d  the  magnesium  manganese  dioxide  Navy  Qq>tor  Mine 
(MK  125, 126, 127)  battery.  ACR  has  sold  over  550,000  of  these  batteries  to  the  Navy  over  the 
past  10  years.  Twenty  percent  of  ACR's  sales  are  to  the  government  and  80%  to  the  commercial 
maiket  The  Navy,  Army,  Marines,  and  Kelly  Air  Fence  Base  each  account  for  an  equal  portion  of 
die  total  government  sales. 

7.2.7. 1.2  Rayovac 

Rayovac's  primary  demand  is  from  commercial  customers,  but  they  also  manufacture 
magnesium  manganese  dioxide  batteries  for  the  Army.  The  Army  uses  tirese  batteries  as  a  low  cost 
alternative  to  lithium  sulfur  dioxide  battoies  far  portable  electronic  devices  used  during  training 
exercises.  CEGOM  procures  between  12,000  and  24,000  magnesium  batteries  per  month  under  a 
multiple  year  contract  These  batteries  are  manufactured  on  Rayovac’s  commercial  production  line. 
Rayovac  also  manufactures  the  MK117  underwater  mine  battery  for  the  Naval  Mine  Warfare 
Engineering  Activity  (NMWEA). 

Government  agencies  such  as  die  DLA  and  GSA  purchase  cmnmon,  commercial  round  cell 
batteries  for  various  qiplicaticms.  Of  the  $17  million  in  military/govemment  sales,  Rayovac  sold 
approximately  one  million  dollars  wordi  of  batteries  to  commissaries  and  exchanges.  Rayovac  also 
received  between  four  and  five  millicui  dollars  of  R&D  funding  from  the  government  in  1993  for 
several  battery  development  projects. 

1.2.1. 2  Magnesium  Batteiy  Markeqilace  Demand 

The  magnesium  chemistry  has  a  limited  customer  market  and  only  a  few  specialized 
triplications  that  exist  from  older  technologies.  Hgure  7-14  highlights  some  of  these  ^iplicaticxis. 
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1  Typical  Magnesium  Battery  Applications  | 
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Figure  7>14.  Magnesium  Battery  Applications 


1. 2.1.1. 1  Military  customers 

The  military  maiketplace  demand  for  magnesium  manganese  dioxide  batteries  is  very  small. 
This  old  chemistry  supports  Navy  CAPTOR  mines,  although  lithium  thionyi  chloride  batteries 
have  been  safety  certified  for  use  in  die  next  generadon  of  CAPTOR  mines.  However,  this  retrofit 
program  was  canceled  because  there  are  not  enough  old  CAPTOR  mines  in  existence  today  to 
make  this  transition  economicaL 

The  Army  uses  commercial  magnesium  batteries  for  training  exercises  in  portable 
electtxMiics  for  non-tacdcal  applications.  These  batteries  can  be  used  for  tactical  applications  if  the 
temperature  is  above  40*  F.  The  significantly  lower  cost  of  the  nu^esium  batteries  compared  to 
lithium  sulfur  dioxide  primary  batteries  is  the  driving  factor  for  continued  use  of  these  batteries  in 
training  equipment.  As  legacy  equipment  is  replaced  so  too  will  this  battery  chemistry.  For 
example,  the  Army  presently  uses  magnesium  batteries  in  the  PRC  77  radio,  but  its  replacement, 
the  SINCGARS  radio,  will  utilize  lithium  based  batteries.  The  Army  has  worked  with  Rayovac  to 
develqi  a  better  magnesium  battery  but  has  had  little  success. 

7.2.7. 2.2  Commercial  customers 

The  c(»nmeicial  marketplace  for  magnesium  manganese  dioxide  batteries  is  also  very  small 
The  batteries  are  used  for  emergency  locator  beacon  q)plications  and  other  portable  electrorucs 
applications,  but  as  these  older  technologies  are  replaced,  it  is  likely  the  battery  chemistry  will 
disappear. 

7. 2.7. 3  Magnesium  Battery  Marketplace  Trends 

The  market  for  this  chemistry  is  small  and  is  not  experiencing  any  type  of  resurgence. 
Most  of  the  military  demand  is  limited  to  cells  from  Rayovac  and  mine  batteries  from  ACR 


65 


Etoctronics.  This  chemisay  will  oondnue  to  be  used  in  limited  fashion  and  may  evoitiially  be 
iq)laced  with  new  chemistries. 

7.3  Overall  Marketplace  Summary 

Thennal  batteries  are  presently  exclusively  military.  They  satisfy  unique  requirements 
long  shelf  life,  no  maintenance  requirements,  and  hi^  power  for  short  duratioa.  Thermal  batteries 
are  "one  shot”  battexi^  typically  installed  as  permanent  components  of  a  system  or  device.  Such 
systems  include  missiles,  ttxpedoes,  airctafit  emergmicy  systems  (e.g.,  ejection  seats),  and  mines. 

Presently  North  America  has  only  one  thermal  battery  manufacturer  (Eagle-Picher),  but 
Martin  Marietta  and  Westinghouse  Naval  Systems  Groq>  are  attenqtting  to  increase  their  thermal 
battery  production  cqMtbility  in  conjunction  with  their  R&D  efforts.  SAFT  America  ceased  dtermal 
battery  manufecturing  at  their  Cockeysville,  Maryland  facility  in  December  of  1993  for  cctMKxnic 
reasons.  There  are  no  presoit  commercial  applications  for  tiiermal  batteries.  Research  is  being 
performed  to  utilize  thermal  batteries  for  emogency  power  applications  (e.g.,  in  aircraft  and 
automobiles),  but  present  costs  hinder  these  applications. 

The  emmgence  of  litiiium  batteries  in  the  market  has  taken  Irxiger  than  other  battery 
technologies  due  mostly  to  thermodynamic  limitations  and  envinmmental  and  safety  concerns. 
Currently,  tiie  noarket  for  litiuum  batteries  is  small  in  ooiiq)8rison  to  die  total  battery  market 

lithium  battery  techndogy  has  played  a  largo’  role  in  military  applications  than  commercial 
^^lications.  A  large  portion  ctfdie  military's  primary  battery  budget  has  been  for  lithium  batteries, 
mainly  lithium  sulfur  dioxide.  Lithium  sulfur  dioxide  batteries  supported  a  large  numbo  of 
portable  electronics  during  the  Gulf  War.  The  war,  altmg  with  subsequent  contracts,  have 
supplied  the  military  with  enmigh  lithium  sulfur  dioxide  batteries  for  the  next  three  to  five  years. 
At  that  time  the  Army  may  look  to  replace  die  primary  lidiium  sulfur  dioxide  battery  with  primary 
lithium  manganese  dioxide,  and  the  Navy  wiD  lode  at  lithium  thionyl  chloride  as  a  rqilacement 
chemistry.  This  lack  of  demand  fo  lithium  sulfur  dioxide  battoies  has  left  some  manufacturers  in 
aquandary.  Some  are  attenqiting  to  transition  to  otho  lithium  chemistries  (secondary)  while  odiers 
are  uncertain  about  their  future. 

The  dcxnestic  consumer  market  for  primary  lithium  batteries  (lithium  manganese  dioxide 
and  lithium  thumyl  chloride)  is  eiqiected  to  increase  over  50%  by  the  year  2000.  This  increase  will 
be  due  to  increased  applicatirms  in  photographic  devices,  memory  backup  devices,  and  other 
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pcfftable  electronics.  The  dranestic  c(»suiiier  market  for  secondary  lidiium  batteries  is  expected  to 
grow  to  $10  million  by  the  year  2000,  driven  by  the  increased  demand  fcH*  consumer  portable 
electronics  and  devices.  MiKh  of  this  demand  is  satisfied  today  by  nickel  cadmium  batteries  and 
soon  by  nickel  metal  hydride  (because  of  its  higher  energy  density).  The  consumer  demaiKl  for 
kuiger  service  time  presents  an  excellent  qrptntunity  for  secondary  lithium  batteries. 

The  mercury  battery  family  serves  few  military  i^lications.  These  batteries  siqqxxt  legacy 
systems,  mines,  and  munitions  and  are  being  replaced  with  new  systems  with  different  battery 
chemistries.  This  chemistry  will  eventually  dis^rpear  fmn  the  military  arena.  The  commercial 
market  also  is  phasing  out  mercury  batteries  due  to  their  environmental  unfriendliness. 

Silver  cadmium  batteries  are  expensive  and  envirmimentally  unfriendly.  No  research  or 
programs  on  silver  cadmium  batteries  were  identified.  This  system  will  probably  not  exist  in  the 
future  since  there  is  very  little  demand  for  the  chemistry.  Silver  zinc  primary  batteries  probaUy 
will  remain  in  existence  to  suppcnt  specialized  qrplicatimis  such  as  calculators,  watches,  medical 
devices,  and  some  military  applications.  Silver  zinc  primary  reserve  batteries  will  remain  as 
components  to  military  missile  systems. 

Lead  add  is  the  most  widely  used  battery  chemistry  in  the  world.  The  military's  primary 
uses  for  lead  acid  batteries  are  in  vehicles,  aircrafr,  sulmiarines,  surface  ships,  and  standby  power 
systems.  The  batteries  are  used  for  starting,  lighting,  and  ignition  systems;  backup  power  for 
operating  instruments;  landing  gear  mechanisms;  propulsion;  and  backup  electrical  power  for 
missile  silos.  These  military  uses,  coupled  with  the  autunxrtive  and  standby  power  commercial 
uses,  have  given  die  lead  add  battery  market  overall  stability.  Manufacturers  of  military  lead  acid 
batteries  realize  that  the  defense  dollar  is  shrinking  Init  are  confident  in  the  well  established 
commercial  markeL 

Nickel  cadmium  batteries  enjoy  a  stable  market;  they  are  very  conmum  in  the  portable 
cmsumer  electronics  and  the  aviation  market  The  nickel  cadmium  system  has  been  around  alnoost 
1(X)  years  and  is  a  proven  high  power,  reliable,  long  life  systera 

The  military  uses  or  plans  to  implement  sealed  and  ultra-low  maintenance  vented  nickel 
cadmium  batteries  into  aircrafr  applications  for  engine  starting,  emergency  power,  and  utility  power 
(i.e.,  electric  power  while  the  aircrafr  engine  is  shut  down).  The  military  is  retrofitting  some 
aircrafr  that  contain  vented  nickel  cadmium  batteries  with  sealed  nickel  cadmium  batteries;  the 
sealed  tystem  eliminates  the  maintoiance  procedure  of  adding  liquid  electrolyte.  The  military  plans 
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continued  use  of  nickel  cadmium  batteries  until  the  nickel  metal  hydride  chemistry  reaches 
maturity. 

The  nickel  cadmium  commercial  maiket  is  fairly  stable  supporting  commercial  aircraft, 
portable  consumer  dectrcmics,  and  other  s^licatioas  such  as  standby  power.  Batteries  used  in  the 
consumer  portable  electronics  maiket  are  distinctly  different  in  configuraticm  than  aviation  batteries, 
and  die  utentified  manufacturers  of  nickel  cadmium  aviadmi  batteries  do  not  manufacture  nickel 
cadmium  batteries  for  the  consumer  portable  electronics  market 

The  largest  impact  on  the  future  of  nickel  cadmium  batteries  most  likely  will  stem  fitxn 
environmental  concerns.  Cadmium  is  envircmmentally  unfriendly  and  necessitates  qiecialized 
handling  and  recycling  procedures.  The  cost  associated  in  dealing  with  cadmium  and  its 
environmental  concerns  may  lead  to  the  replacement  of  the  system  with  one  that  is  in^iroved  and 
environmentally  friendly. 

Magnesium  manganese  dioxide  is  a  very  outdated  chemistry  with  a  very  small  commercial 
and  militaiy  market  The  only  idendfred  military  use  of  these  batteries  is  in  the  Navy's  CAPTOR 
mines  and  by  the  Army  for  support  of  portable  electronics  during  training  exercises.  The  use  of 
these  batteries  for  training  is  dictated  by  their  significantly  lower  cost  compared  to  lithium  primary 
batteries.  Lidiium  thionyl  chloride  batteries  were  identified  as  a  potential  rqilaconmt  for  the  next 
generation  of  CAPTOR  mines  but  that  program  was  never  con^leted;  die  small  number  of  existing 
mines  and  the  cost  of  the  lithium  thionyl  chloride  battery  did  not  make  this  retrofit  ectmomically 
feasible. 

Commercially,  magnesium  manganese  dioxide  batteries  are  used  in  emergency  locatm 
beacons.  The  me  identified  manufacturer,  who  is  the  sole  siqiplier  of  the  CAPTOR  mine  battery, 
has  stated  that  if  military  demand  for  magnesium  tiuuiganese  dioxide  batteries  were  nonexistrat 
there  would  not  be  enou^  commercial  maiket  to  sustain  this  capability. 
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8.0  BATTERY  RESEARCH  AND  DEVELOPMENT  ACnVITY 


This  section  provides  an  overview  of  battery  research  and  development  activities.  It 
highlights  the  major  battery  focus  areas  of  the  departments  and  agencies  and  outlines,  by 
chemistry,  the  ongoing  R&D  efforts.  A  list  of  the  companies,  universities,  and  laboratories 
currently  invcdved  in  battery  R&D  is  also  provided  by  cbemisiry. 

8.1  Overview  of  R&D  Areas  of  Ctmcentratioii 

This  secdmi  provides  an  overview  of  current  areas  of  battery  R&D  activity  of  the 
military  services,  government  agencies,  Caiutdian  Department  of  National  Defence,  and 
commercial  enterprises.  As  highlighted  in  this  sectimi,  many  organizations  are  pursuing  R&D 
efforts  involving  similar  battery  chemistries,  thmrgh  each  is  pursuing  research  to  fulfill  unique, 
specific  objectives  to  further  a  particular  missioiL 

8.1.1  Army 

The  Army  procures  and  uses  over  700,000  batteries  per  year  for  tactical,  contingency, 
training  missions,  and  exercises  at  a  cost  of  over  $94,000,000.  These  batteries  arc  primary, 
rechargeable,  or  reserve  types  and  utilize  over  one  dozen  chemistries.  The  Army  Research 
Laboratory  (ARL)  is  responsible  for  research,  development,  and  banery  assignment  of  most 
battery  types  within  the  Army  Materiel  Command.  The  Ctmimunications  Electronics  Conunand 
(CECOM)  procures  {qjproximately  150  primary  battoy  types  and  80  rechargeable  battery  types, 
mostly  for  C4I  equipment  and  aviation  applicatitms.  CECOM  also  procures  lithium  batteries  fcv 
the  Marine  Corps  for  use  in  equipment  designed  by  the  Army.  These  batteries  suppon  over  1000 
pieces  of  equipment  and  systems.  The  Tank  Automotive  Command  (TACOM)  procures  10 
rechargeable  batteries  for  vehicles  and  goierators. 

The  Army's  research  and  development  budget  for  batteries  and  battery  technologies  (but 
not  conclusive)  is  as  follows: 

•  6.1  Funding:  Hi^  Energy  Storage  Technology 

1993 -$  440,000  1994  -  $1,044  million  1995 -$1,114  million 

*  6  J  Funding:  High  Energy  Batteries  and  Alternative  Energy  Sources 

1993  -  $1.7  miUion  1994  -  $1,795  million  1995  -  $2,243  million 
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•  6^  Funding:  High  Eneigy  Batteries  and  Capacitors 

1993  -  $775,000  1994  -  $785,000  1995  -  $643,000 

•  6^  Funding;  Battery  Technology 

1993  -  $3.65  miUion  1994  -  $3  million 

1995  -  $0.00  (No  Congressional  funding  has  been  assigned  to  this  category  at  this 
time,  tiiough  it  is  anticipated). 

The  Electronic  and  Power  Sources  Directorate  of  Army  Research  Laboramries  (ARL) 
conducts  the  Army's  battery  research  and  develr^ment  and  testing  activities.  Primary  and 
rechargeable  battery  research  is  handled  at  ARL's  Fort  Monmouth  location;  thermal  and  reserve 
battery  work  is  handled  at  Harry  Diamood  Ltdxrrataries. 

Facing  the  reality  of  Army  downsizing,  reduced  demands,  and  increased  focus  on  costs, 
the  Army's  goal  in  the  battery  arena  is  to  move  away  from  military  unique  technologies  which 
require  a  dedicated  producticm  base.  Key  objectives  are  to  lower  O&S  costs,  strive  towards  dual 
use  technologies,  use  more  automated  production,  standardize  batteries,  and  make  batteries  safer 
by  elinrinating  hazardous  materials.  Inqrrovements  are  sought  in  the  areas  of: 

•  increased  energy  and  power  densities, 

•  increased  cycle  life, 

•  increased  shelf  life, 

•  increased  low  and  high  temperature  (^wration, 

•  increased  reliainlity, 

•  increased  state-of-charge  ctpdnlity, 

•  reduced  test  needs,  and 

•  increased  commercial  availalnlity. 

In  the  short  term,  this  probaUy  will  entail  fielding  interim  rechargeable  batteries,  replacing 
mercury  and  zinc-carbor.  batteries,  fielding  improved  battery  chargers  and  power  supplies, 
reducing  hazardous  waste  streams,  reducing  disposal  costs,  and  replacing  nickel  cadmium  aircraft 
batteries.  CECOM  has  begun  to  identify  old  equipment  that  can  be  phased  out  alcmg  with  its 
unique  batteries.  CECX)M  is  investigating  the  use  of  alternative  batteries  for  old  equipment  that  is 
worth  modifying.  CECOM  also  is  in  the  process  of  identifying  candidate  mercury  batteries  for 
replacement  by  otiier  chemistries.  The  Army's  long  range  goals  are  to: 

•  drive  designs  to  use  less  power,  etiq>hasizing  battery  selection  and  power  management 
in  initial  end  item  design  eff<ms  and  enabling  designers  to  use  standard  batteries 

•  base  nest  generation  of  power  sources  on  dual  use  technologies 
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•  standanlKze  cbemistnes  and  configurations  to  field  a  faimly  of 
••  primary  batteiies 

••  rediargsable  batteries 
M  aircraft  batteries 

•  capitalize  on  standard  consumer  configurations 

•  field  a  universal  batteo' charger 

•  minimize  proliferatiim  of  new  batteries  (CECOM  purged  its  inventory  from  473  non- 
rechargeable  baneiy  types  to  202  in  1987) 

•  continue  devdopment  of  a  universal  battery 

•  eliminate  hazardous  waste 

•  make  state  of  charge  internal  to  end  item. 

The  Army  would  like  to  satisfy  its  training  battery  requirements  by  using  a  very  low  cost, 
high  energy  density  primary  battery;  a  low  cost,  improved  energy  density,  lightweight 
rechargeable  battery;  or  a  higher  capacity  per  cycte  rechargeable  battery.  The  National  Training 
Center  ultimately  would  like  to  have  a  battery  tiiat  offers  120  hours  of  continuous  q)eration,  is  non 
hazardous,  is  economical,  and  weighs  no  mme  than  seven  pounds.  They  also  would  like  to 
provide  the  soldier  with  the  ability  to  charge  the  battery  in  the  field.  At  present,  the  Center  spends 
$2  million  a  month  for  primary  batteries  for  its  training  exercises. 

Rechargeable  batteries  the  Army  is  ctxisidning  for  future  production  are  lithium  ion 
chemistries,  nickel-zinc  chemistries,  alkaline  manganese  chemistries,  and  metallic  lithium 
chemistties. 

8.1.2  Air  Force 

Sites  conducting  battery  electrochernistry  R&D  within  the  Air  Force  are  Wright  Laboratory, 
Phillips  Laboratory,  and  Frank  J.  Seiler  Research  Laboratory.  Wright  Laboratory's  primary  focus 
is  on  power  for  aviation  systems,  such  as  aircraft,  aircraft  ground  support  equipment,  aircraft 
tactical  weapons  systems,  life  suppoit/survival  equq)ruent,  and  urunaruied  aerial  vehicles  (UAVs). 
Wright  Patterson's  long  term  objectives  are  to  focus  (m  development  of  a  lithium  based  polymer 
battery,  a  high  voltage  thermal  cell,  and  a  bipolar  battery  for  More  Electric  Aircraft,  weapons,  and 
tanks. 
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Hiillips  Laboratory's  work  revolves  around  power  for  ^ace  and  strategic  systems  such  as 
satellites,  space  based  weapons,  on-board  strategic  missiles,  and  strategic  missile  ground  power. 
Their  main  area  of  engdiasis  is  lithium  polymer  rechargeable  batteries. 

Frank  J.  Seiler  Research  Laboratory  cmicentrates  on  more  basic  research,  such  as  electrode 
processes,  dectrochemical  materials,  and  electrocatalysts.  An  impmtant  major  thrust  of  the  Air 
Force  is  to  develq)  environmentally  friendly  batteries  and  focus  on  pollution  prevention  and  clean¬ 
up. 


8.1.3  Navy 

The  Navy  spends  between  $20  to  $30  million  annually  on  battery  research  and 
devel(^>ment  This  includes  basic  research,  exploratmy  research,  advanced  research,  prototypes, 
and  technical  and  operational  evaluaticm.  The  Navy  believes  that  because  of  new  equipment 
designs  and  increased  demands  mi  existing  systems,  lithium-based  power  sources  are  required. 
Major  areas  of  Navy  battery  technology  interest  ate: 

•  Secondary  batteries  (lidiium,  lithium  ion,  ZnAgO,  NiCd,  lead  add) 

•  High  energy  density  batteries  (lithiunVoxyhalides) 

•  High  power  density  batteries  (ZnAgO,  thermals,  lithium,  sea  water  systems) 

•  Advanced  materials  for  power  sources. 

The  Naval  Surface  Warfare  Centers  (NSWC)  conduct  a  full  spectrum  of  RDT&E  in  power 
sources  and  corrosion  and  are  reqxmsible  for  basic  R&D  efforts  for  shipboard  power  sources. 
The  NSWCs  have  attempted  to  apply  low-cost,  commercially  available  technologies  to  military 
systems  for  several  decades  in  oitler  to  decrease  military  systems’  costs. 

Present  and  future  Navy  battery  thrusts  entail  advanced  non-lithium  rechargeable  batteries, 
polymer  electrolytes,  fuel  cells,  sea  water  batteries,  lithium  thermal  batteries,  rechargeable  lithium 
batteries,  high  pulse  power  lithium/oxyhalide  batteries,  and  continuous  improvement  of  field 
technologies. 

The  Navy  currently  operates  the  Standard  Hardware  Acquisition  and  Reliability  Program 
(SHARP),  a  Navy-wide  logistics  technology  development  effort  aimed  at  redudng  acquisition 
costs,  support  costs,  and  inqilementation  risks  of  military  electronic  systems  while  increasing  the 
performance,  capability,  reliability,  nuuntaiiuibility,  and  readiness  of  these  systems.  To  lower 
lifecycle  costs  of  electronic  hardware,  the  program  aims  at  technology  transititm,  standardization. 
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and  reliability  enhancements.  In  particular,  the  SHARP  program  focuses  on  developing, 
and  docummting  military  specificatiotts,  standardizing  the  family  of  mine  batteries, 
^fanHyntiring  battery  chargers,  and  enhancing  nickel  metal  hydride,  lidiium  ion,  ctxrqrosite  nickel 
cadmium,  and  lead  add  battery  technologies. 

8.1.4  Department  of  Energy 

Sandia  National  Labaratories  (SNL)  is  a  major  player  in  DQE's  wer^KMis  battery  program. 
Thdr  main  thrusts  involve  thermal  batteries,  lithiurn/sulfur  dioxide  batteries,  lithiumAhionyl 
cWotide  batteries,  and  double  layer  capacitors.  SNL's  battery  activities  center  on  research, 
advanced  develcq|)ment,  design,  prototype  fabrication,  testing,  production  siqrport,  stockpile 
survdllance,  dismantlement,  and  disposal. 

DOE’S  Office  of  Basic  Energy  Sdences  is  involved  in  the  Advanced  Battery  Technology 
Research  and  Develt^ment  Program,  a  relatively  new  program  with  a  mandate  to  develop  new 
generic  battery  technology  for  a  wide  range  of  applicatitms.  Their  main  areas  of  emphasis  are  on 
improvements  in  battery  size,  weight,  and  recharge  cycles  for  non-automotive  applications. 
Current  research  <mi  advanced  battery  technologies  entails  new  battery  compmients,  concepts,  and 
systems  and  characterization  of  methodologies  in  the  areas  of  electrochemical  systems  and 
batteries;  corrqiutatitMial  chemistry,  modeling,  and  simulation;  and  materials  characmrization.  The 
FY  1993  and  1994  funding  far  the  Baac  Energy  Sciences  program  is  approximamly  $3.5  million 
and  is  expected  to  remain  stable  or  increase  slightly  in  FY  1995. 

Lawrence  Berkeley  Laboratory  is  responsible  for  the  Exploratory  Research  Program. 
DOE'S  expkrratoiy  tedinology  research  ixpgram  is  organized  into  the  following  {nogram  thrusts: 

•  eiqdoratorycellteseardi 

••  new  electrochemical  couples 

••  hi^  performance  systems  for  consideration  by  die  USABC 

•  iqqilied  science  and  research 

M  characterization  of  cell  coriqxments  and  phenomena 
••  development  of  corrosion-resistant  materials 
••  mathematical  modeling  of  cdls  and  inooesses 

•  air  systems  research 

••  electrocatalysis  (rf'mtygen  reduction  and  methanol  oxidation 
••  devek^mient  of  novel  electrode  structures 
-  PEMfodceUR&D. 
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The  U.S.  Department  of  Energy  sponsors  the  Energy  Electric  and  Hybrid  Vehicles 
Program.  "  program  has  three  main  objectives:  promote  basic  and  applied  research  cm  electric 
and  hyteid  ^ie  batteries,  controls,  and  motors;  determine  optimum  overall  electric  and  hybrid 

vehicle  design;  and  design  vehicles  that  emphasize  durability,  length  of  practical  lifetime,  ease  of 
repair,  and  interchangeability  of  parts. 

DOE  hopes  that  its  transportation  technologies  program  aids  in  reducing  transportation 
energy  demand  by  inqiroving  vehicle  and  system  fuel  use  efficiency,  reducing  oil  vulnerability  by 
providing  alternative  transportation  fuels  and  utilization  technologies,  and  producing  tangible 
maiketable  results  (vehicles  and  fuels)  by  the  year 2000.  The  major  banier  to  commercialization  of 
electric  vehicles  is  die  lack  of  a  low-o^  high-performance  battery.  Much  of  the  ongoing  research 
regarding  electric  vehicles  is  £»  r,'  improving  battery  performance.  The  key  is  to  develop  a 

battery  which  has  an  acceptaUe  ovosr  .  range  cm  a  single  battery  charge  and  to  have  the  capability 
for  rapid  battery  recharging. 

The  U.S.  Advanced  Battery  C^tMisortium  (U3A3C)  is  very  active  in  electric  vehicle  R&D. 
The  USABC  was  formed  in  1991  between  Chrysler,  Ford,  Genaal  Motors,  DOE,  and  the  Electric 
Power  Research  Institute  to  develop  advanced  electric  vehicle  baucries  through  the  sharing  of 
technology  and  costs.  Its  program  objectives  are  to  accelerate  market  potential  of  electric  vehicles 
by  jdntly  researching  the  most  promising  advanoxi  battery  alternatives,  to  establish  a  capability  for 
a  U.S.  advanced  battery  manufacturing  industry,  and  to  demonstrate  design  feasibility  of  an 
advanced  battery  to  meet  long-term  criteria  in  1994. 

DOE'S  exploratory  technology  research  in  support  of  advanced  battery  develc^ment  is 
directed  at  the  following  four  objectives: 

•  conduct  applied  research  to  address  problems  encountered  in  the  development  of 
advanced  rechaigeaUe  batteries 

•  develop  improved  material  and  comptments  for  use  in  advanced  batteries,  fuel  cells,  and 
ultracqncitots 

•  explore  promising  long-term  battery,  fuel  cell,  and  ultracapacitor  technologies  in  order  to 
provide  alternatives  to  the  USABC 

•  Conduct  research  into  electrochemical  phenomena  that  limit  the  performance  and  life  of 
electrochemical  energy  storage  and  conversion  systems. 
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Research  is  geared  toward  aqueous  and  non-aqueous  battery  systems,  fuel  cells,  uloaciqtacitors, 
and  exploratory,  cross-cutting  initiatives. 

8.1.5  Advanced  Research  Projects  Agency  (ARPA) 

ARPA's  main  areas  of  interest  in  batteries  are  develqting  lithium  ion  and  lithium  solid 
polymer  batteries.  ARPA  also  oversees  the  Technology  Reinvestment  Program  (TRP).  The 
mission  of  die  TRP  is  to  stimulate  the  transition  to  a  growing,  integrated,  natimial  industrial 
cqiahility  that  provides  die  most  advanced,  affordable,  military  systems  and  the  most  conqietitive 
commercial  products  through  the  devekqiment  of  dual-use  product  and  process  technologies.  One 
of  the  key  dual  use  technology  areas  of  the  TRP  Technology  Development  Activity  Area  is 
advanced  battery  technology.  This  initiative  is  focused  on  develqiing  battery  technologies  that 
offer  greater  energy  densities  for  naan-poruble  implications.  Among  those  initiatives  are 
continuous  thin-film  manufacturing  techniques  for  lithium/jpolymer  batteries  that  are  safe, 
rechargeable,  and  less  eiqiensive  than  batteries  currendy  availaUe  for  military  or  commercial  use. 

The  TRP  also  has  identified  vehicle  technology  as  a  technology  focus  area.  In  FY  1993, 
the  Natural  Gas  program  had  $6.4  million  for  military  vehicle  technology  and  demonstration  and 
$2.8  million  for  a  next  generation  auxiliary  power  unit  for  dectricvdiicle  range  extensioa  TheFY 
1994  program  has  $46.2  million  for  furtho:  technology  devekmments. 

8.1.6  NASA 

NASA's  Jet  Propulsion  Labmatmies  (JPL)  deals  with  advanced  rechargeable  batteries  for 
LEO,  GEO,  and  planetary  applications.  Ongong  programs  at  JPL  are: 

•  lidiium  titanium  disulfide  (LniS2)red)argeable  cells 

•  lithium  km  techargealde  cdls 

•  lidiium  pdymerdectndyterediargeaUe  cells 

•  rtickel  metal  hydride  rediargeaUe  cell  technology  development 

•  moderate  terrygature  sodium  metal  ddoriderechargeaMe  cells 

•  nidtei  cadmium  cdl/batiety  flight  simulation  and  stress  testing 

•  rucielcadnaium  battery  periormaiicei/lprediction  model 

•  Tcqiex  battery  opetatitms 

•  Mars  Padifinder  batteries. 
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Specific  areas  of  improvement  NASA  would  like  to  achieve  regarding  their  current  battery 
systems  include  reducing  weight  and  volume,  increasing  cqierational  life,  increasing  specific  power 
and  power  density,  increasing  active  storage  and  charge  retention,  and  extending  operation  to 
extreme  environments.  Several  advanced  battery  systems  are  under  development,  including 
lithium  titanium  disulfide,  lithium  ion,  nickel  metal  hydride,  and  sodium  metal  chloride.  At 
present,  small  to  medium  capacity  cells  of  these  advanced  battery  technologies  are  available,  but 
they  are  usually  handmade  or  batch  processed  and  the  cycle  life  generally  is  limited  to  1,000 
cycles.  Advances  in  charge  control  are  needed  to  balance  these  cells  in  the  battery.  In  addition, 
safety  and  abuse  effects  need  to  be  thoroughly  examined. 

NASA  has  established  an  Aerospace  Flight  Battery  Systems  Program  to  enhance  die  safety, 
reliability,  and  performance  of  their  aerospace  primary  and  secondary  batteries,  as  well  as  battery 
power  systems.  Part  of  this  effort  centers  on  bringing  forth  advanced  technology  fm*  flight  use  and 
ensuring  that  safe,  reliable  batteries  are  available  for  NASA's  future  missions.  Their  approach  is 
to: 

•  increase  die  fundamental  understanding  of  primary  and  secondary  cells 

•  provide  for  inqatrvedcell/battetyiiianufacturing  process  c(»itrol,q)ecifically  in  the  area 
of  secondary  nickel-cadmium  and  nickel-hydrogen  batteries 

•  open  and  maintain  communication  lines  widiin  NASA  and  die  aero^ace  community 

•  provide  for  qualification  of  new  technologies  as  diey  become  available 

•  inqilement  checks  and  balances  for  the  verification  of  various  cell  tedinologies. 

8.1.7  Department  of  National  Defence  (DND),  Canada 

For  1993/1994,  DND  will  spend  approximately  $10  to  $13  million  for  batteries.  DND 
currently  funds  $1.18M  aimually  for  battery  R&D.  Their  enqihasis  is  on  primary  batteries  (35%  of 
current  funding),  advanced  rechargeable  batteries  (45% ),  and  solid  polymer  fuel  cells  (20%).  In 
developing  power  sources  for  specific  applications,  DND  is  aiming  to  improve  shelf  life,  energy 
density,  safety,  reliability,  and  low  temperature  performance.  DND  R&D  efforts  in  the  battery 
arena  are  focused  on  fulfilling  the  need  for. 

•  high  moltility  and  no  maintenance 

•  increased  power  demand  and  pulse  power 

•  Arctic  operational  capatnlity 

•  person  portable,  SOOW  low  cost  power  supply 
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•  reduced  detectability  of  generator  sets 

•  reduced  cost 

•  state-of-health  battery  monitoring  devices 

•  environmental  accefuability. 

Battery  issues  the  Canadians  consider  critical  and  need  to  be  resolved  are  state-of-charge 
batteries,  deficient  low  tenqierature  operation,  and  fast  and  front  line  smart  chargers. 

Conducting  this  R&D  for  the  Canadian  government  are  Canadian  universities  (53%), 
Canadian  rKm-profit  institutions  (29%),  Canadian  firms  (10%),  and  the  Royal  Military  College 
(8%).  Primary  battery  R&D  work  is  underway  at  the  University  of  Ottawa,  INRS-Energie,  and 
Farrington  Lockwood.  Advanced  rechargeable  battery  work  is  going  on  at  the  Natirmal  Research 
Council,  IREQ,  and  the  University  of  (Ottawa.  Solid  polymer  fuel  cell  R&D  is  being  conducted  at 
RMC,  Ecole  Polytechnique,  and  Ballard. 

DND  is  interested  in  Polymer  Electrolyte  Memtnane  Fuel  Cells  (PEMFQ.  They  consider 
PEMFCs  to  have  the  greatest  potential  for  miruaturizatimi  and  CoUabmative  Research  Into  Small 
Arms  Technology  (CRISAT)  applications.  The  PEMFCs  produce  high  power  density  at 
tenqreratures  below  1(X)  degrees  Celsius,  allowing  fast  start-up  and  immediate  response  to  changes 
in  the  demand  for  power.  One  of  die  key  issues  associated  with  PEMFC  is  the  stqtply  of  hydrogen 
in  a  safe,  cheap,  and  lightweight  package.  To  this  aid,  Caruula  has  proposed  to  NATO  that  they 
iititiate  R&D  projects  on  hydrogen  storage/lptoductitHi  means,  including  pressurized  gas,  liquid 
hydrogen,  disposable  and  rechargeable  hydrides,  and  miniaturized  refcrmers . 

DND  foresees  its  future  battery  activities  coitering  on  lithium  primary  systems,  lithium 
rechaigeable  systems,  and  solid  polymer  fuel  cells.  DND  also  is  tracking  emerging  technologies 
such  as  the  supacapadtor,  zinc  mariganese  dioxide  lechargeaUe,  and  ruckcl  hydride  rechargeable, 
and  they  are  funding  a  major  project  at  Alupower  to  continue  the  development  of  an  aluminum  air 
battery. 


8.1.8  Other  Electric  Vehicle  Battery  Research  EfTorts 

Ihe  Advanced  Lead  Ackl  Battery  Consortium  is  active  in  electric  vehicle  batteiy  research. 
They  consider  lead  acid  batteries  an  inexpensive,  safe,  recyclable,  currently  available,  and  proven 
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tBchiK^>gy  for  powering  near-tenn  electric  vehicles.  Other  U.S.  organizatioas  in  place  to  address 
baoery  technology  include  die  £cdlowing; 

•  tire  U.S.  Gmindl  for  Automotive  Research 

•  the  Electric  Power  Insdtme 

•  die  Electric  Vdiicte  Association  of  the  Americas 

•  die  Electric  Tran^xxtadonCoalitkm 

•  Calstart 

•  the  Showcase  EV  Program 

•  die  Infrastructure  Program 

•  die  Electric  Bus/Mass  TYansit  Program 

•  die  NeighlxxhoodEV  Program 

•  the  University  and  Federal  Lab  Research  Program 

•  dreDiscredooaryR&DRogtam 

•  the  Chesapeake  Consortium 

•  Texstart 

•  the  National  Station  Car  Omsortium 

•  die  Electric  Transit  Vehicle  Institute. 

On  the  international  front,  die  following  are  involved  in  electric  vehicle  battery  R&D 

efforts: 

•  The  Chinese  Electric  Vehicle  Institution 

•  The  European  Electric  Road  Vducle  Association 

•  The  German  Federal  Ministiy  for  Research  and  Technology 

•  Italy's  Electrochemical  Energy  Storage  Program -This  program  is  totticen  down  into 

currrat  batteiy  technology  (lead  add,  nicl^  cadmium,  and  nickel  iron)  and  advanced 
batteiy  technology  (sodium  sulfur,  advanced  alkaline,  and  lithium) 

•  The  Japan  Electric  Vehicle  Association 

•  The  JqnneseElecttic  Vehicle  Council 

•  Swedra's  National  Board  fOT  Industrial  and  Technical  Development 

•  Canada,  The  Electrochemical  Sdence  and  Techndogy  Center  (ESTCX)),  University  of 
Ottawa 

8.2  Thermal  Chemistries 

The  military  services  are  the  only  customer  for  thermal  batteries;  there  are  no  commocial 
requirements  for  thermal  batteries  at  this  time.  These  types  of  batteries  are  for  mre  time  use  only 
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and  provide  power  for  electronics,  heaters,  pyrotechnic  squibs,  guidance  systems,  capacitor 
charging,  and  motors.  The  services  use  these  batteries  primarily  for  missile  applications  such  as 
the  TOMAHAWK,  SIDEWINDER,  AMRAAM,  PATRIOT,  SPARROW,  and  TOW. 

However,  thermal  batteries  are  being  looked  at  for  applications  outside  of  ordnance 
support.  Two  identified  applications  are  emergency  power  on  aircraft  and  emergency  power  for 
automobiles.  The  development  of  More  Electric  Aircraft  (MEA)  should  increase  the  demand  for 
thermal  batteries.  At  present,  the  activation  of  the  landing  gear  is  done  hydraulically,  with  some 
sort  of  backup  system.  In  a  lot  of  cases,  this  backup  system  is  manual.  In  an  MEA,  the  activation 
of  the  landing  gear  will  occur  via  electric  actuators.  Aircraft  employing  this  new  technology  will 
require  improved  back-up  power  systems.  Recent  advances  in  thermal  battery  performance,  such 
as  longer  operating  life,  nuiy  provide  the  answer  as  a  long  shelf  life,  high  energy  emergency 
backup  system  for  these  triplications.  The  same  is  true  for  automobiles.  The  use  of  electric  brakes 
and  control  actuators  could  provide  further  uses  for  thermal  batteries  as  backup  systems. 
However,  R&D  activities  for  automobile  triplications  are  not  being  actively  pursued  at  this  time 
because  the  cost  of  the  battery  is  considered  too  piohilntive  to  justify  its  use. 

8.2.1  Army 

The  Army  is  concentrating  its  efforts  in  the  thermal  battery  areru  tm: 

•  Increasing  the  energy  density  and  reducing  the  wei^t  and  volume  of  diermal  batteries 
by  better  diermal  management 

•  Developing  a  spin-stable  diermal  battery,  thereby  extending  these  high  power  batteries  to 
artillery  and  mortar  sqqilicadons 

•  Identifying  lower  thermal  conductivity  materials  of  construction 

•  Creating  novel  electrolyte  systems  that  would  extend  useful  service  life 

•  Improving  and  modemmng  a  dononstrated  ctmcqit  for  a  diermal  battery  heated  by 


steroo  cans. 


8.2.2  Air  Force 


Primary  Air  Force  thermal  battery  programs  are  listed  in  Table  8-1. 


Eagle-Picher,  Joplin,  MO 

onboard  thermal  batteries  for  AMRAAM 

and  small  intercontinental  missile  (offers 
potratial  to  rq>lace  Li/SOC12  reserve 
battery) 

Molten  Salt  Technology,  Inc.,  Knoxville, 
TN 

demonstrate  the  feasibility  of  utilizing  the 
S9aV)  cathode  of  the  Na/SflV) 
lechargeaUe  cell  for  a  thermal  cathode  on  a 
thermal  battery  for  onboard  weiqions  power 
and  aircraft  emergency  power 

Table  8-1.  Air  Force  Thermai  Battery  Programs 


The  Air  Force  is  interested  in  further  lithium  based  battery  development  for  hydrazine  EPU 
replacement  for  aircraft  emergency  power  and  reserve  AgO-Zn  replacement  for  glide  bcmbs. 
Future  Air  Force  projects  will  focus  on  possible  thermal  batteries  for  the  AGM-130  missile  and  for 
A/C  emergency  power. 

8.2.3  Navy 

The  Navy  is  funding  thermal  battery  R&D  efforts  to  improve  operating  life  to  over  one 
hour  on  a  single  heating,  provide  power  up  to  7,000  watts  fiom  a  battoy  package  about  the  size  of 
mo  D  cells,  and  provide  more  energy  for  the  diercnal  systems. 

Eagle  richer,  together  with  Spartan,  is  pursuing  diermal  batteries  that  offer  a  high  energy 
density  and  a  moderate  discharge  rate  to  improve  vehicle  propulsion  and  countermeasure  for 
underwater  mines.  SAFT  is  studying  special  purpose  batteries  (the  7,(XX)  watt  pulse  battery)  for 
low  frequency  sonobuoys.  Westinghouse  is  woridng  in  conjunction  with  Magnavox  to  develop  a 
thermal  battery  for  sonobuoys. 
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8.2.4  NASA 


NASA's  let  Propulsion  Labonuxy  is  addressing  the  potential  of  a  thermal  battery  to 
supplement  pulse  loads  the  Mars  Pathfinder  during  entry,  descent,  and  landing. 

8.2.5  Department  of  Energy 

Weapon  applications  of  DOE's  thermal  batteries  are  radar,  programmers,  timers,  fire  sets, 
spin  rocket  motors,  parachute  deployment,  reefing  line  cutters,  telemetry,  command  disable 
functions,  D(%/DoD  joint  test  assemblies,  and  safe/arm  systems.  Sandia  National  Labmatory  is 
DOE's  focal  point  for  thermal  battery  R&D.  Their  activities  include  design/development, 
production  suppmt,  consulting,  modeling,  research/advanced  development,  NWC  reconfiguration, 
and  dismantlement  Specific  areas  of  study  are  listed  below; 

•  improved  electrcdytes 

•*  Lower  melting:  longer  life 

••  Higher  conductivity:  high  current  crqrabiliQr 

•  New  cathode  materials 

••  hi^Koved  thermal  stability 
••  Lower  pcdarization 

•  Advanced  insulation  (Aerogel) 

•  Alternative  heat  sources 
-  QiCVAl 

••  SectHidary  heating 

•  Environmental,  safety,  and  healdi  issues. 

Phumed  future  thermal  battery  activities  are  to  perfnm  reconfiguration  assigrunents,  such 
as  limited  manufacturing,  procurement  and  surveillance  testing;  continue  research/advanced 
development;  and  ccmtinue  DoD  support  in  efforts  such  as  the  tri-services  staraloff  attack  missile 
and  the  Navy  sonobuoy. 

8.2.6  Industry 

Eagle  Picher  has  just  begun  productitNi  on  thermal  batteries  which  have  virtually  unlimiied 
shelf  lives  and  can  run  up  to  two  hours.  The  initial  application  for  this  technology  is  sonobuoys, 
but  they  are  projected  for  use  in  More  Electric  Aircraft  (MEA).  Martin  Marietta  recently  acquired 
the  framer  Department  of  Energy  thermal  battery  manufacturing  facility  in  Pinellas,  Florida.  The 
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DOE  is  phasing  oitt  operation  in  Pinellas  while  funding  Martin  Marietta  to  stan  up  a  thermal  battery 
manufacturing  plant  Westinghouse  Naval  Systems  Group  is  also  looking  into  thermal  battery 
development  Tables  8-2  and  8-3  list  North  American  and  foreign  players  in  the  thermal  battery 
market 


Japan 


Scotland 


oweden 


Switzerland 


Israel  Institute  of  Technology 


Matsushita  Battery  Industrial 


MSA  Ltd. 


CateUa  Generics 


SAABMUi 


LeQanche 


Table  8<2.  Foreign  Thermal  Chemistries  R&D  Players 


lePicher 


EG&G  Mound  Applied  Technologies 


EIC  Laboratories 


Martin  Marietta 


Whittaker  Power  Storage  Syston 


Yardney  Technical  Products 


MICOM 


Naval  Surface  Warfare  Center  -  White  Oak 


Naval  Surface  Warfare  Center  -  Crane 


Sandia  National  Laboratories  -  Would  like  to 
target  devdopmoit  within  two  years  a  thermal 
battery  which  will  run  for  four  hours 


Table  8*3.  North  American  Thermal  Chemistries  R&D  Players 
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8.3  Lithium 


A  large  pan  of  the  military's  battery  budget  is  for  lithium  batteries.  The  major  focus  of 
military  research  and  development  activities  in  lithium  based  batteries  is  toward  improved  safety 
and  performance  of  existing  prinuuy  systems  and  develc^ment  of  secondary  lithium  systems.  The 
trend  in  the  military  services  is  to  develop  the  next  g«aeration  of  lithium  chemistry  batteries  and 
phase  out  lithium  sulfur  dioxide  system.  Primary  chemistries  of  particular  interest  include  lithium 
manganese  dioxide,  lithium  thionyl  chloride,  lithium  sulfuryl  chloride,  and  lithium  carbon 
monofluontte.  Lithium  manganese  dioxide  is  tiie  noost  uddely  produced  and  cost  effective  lithium 
system  available  today  for  consumer  applications.  This  chemistry  will  probably  be  used 
extensively  in  Army  applications,  while  the  Navy  will  be  the  major  user  of  the  lithium  thionyl 
chloride  chemistry. 

The  secondary  systems  being  addressed  include  lithium  ion  and  lithium  polyirrer  batteries, 
litiuum  ion  systems  are  used  in  very  few  applications  currently  while  lithium  polymer  systems  arc 
still  under  development  Lithium  ion  batteries  have  over  three  times  the  enogy  cmitent  po*  weight 
than  nickel  cadmium  batteries,  exhibit  a  very  significant  operating  cost  benefit  over  primary 
batteries,  are  envirorunentally  less  reactive,  and  have  no  firee  lithium  metal.  All  of  these  aspects 
present  reasons  for  a  push  towards  maturation  of  this  chemistry.  SONY  in  lapan  introduced  this 
chemistry  to  the  corrunercial  market  in  1991  for  use  in  notebook  computers,  camcorders,  and 
cellular  telephones.  Development  of  lithium  icm  cells  has  become  the  main  focus  of  Japanese 
electrcxucs  manufacturers  who  are  cmisidered  to  be  dominant  in  this  technology. 

Lithium  polymer  batteries  could  exceed  the  energy  c^racity  of  lithium  ion  batteries  since 
they  do  not  need  a  carbon  or  grqrhite  aiKxle  as  a  storage  material  for  the  lithium.  Lithium  would 
constitute  the  entire  anode.  In  order  for  this  technology  to  become  a  reality,  polymers  would  have 
to  be  found  that  are  rxxne  conductive  and  do  not  degrade  after  iqjproximately  ISO  cycles. 

8.3.1  Army 

Currently,  the  Am^  is  using  second  and  third  generatimi  litiuum  sulfur  dioxide  chemistries 
as  their  primary  batteries.  AIlL's  goals  for  primary  batteries  are  to  makf.  them  safe,  cost  effective, 
high  power/high  energy,  all  tempoature  performance,  environmentally  friendly,  and  offering  the 
potential  fw  dual  uses.  The  Army's  primary  Ixutery  thrusts  are; 

•  litiiium/sulfur  dioxide 

•  lithiumAhimiyi  chloride 
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•  KthuimAnanganese  dioxide 
M  cylindrical 

••  pouch 

•  lithium^ulfiiiyl  chloride. 

Lithium  sulfur  dioxide  primary  batteries  are  standard  Army  batteries.  The  Anny  is  the  main 
customer  for  lithium  sulfur  dioxide  batteries.  Hiese  batteries  are  a  mature  technology  that  is 
regarded  as  safe,  reliable,  cqralde  of  achieving  all  ten^erature  perfonnance,  and  having  a  shelf  life 
of  over  ten  years. 

The  lithium  manganese  dioxide  battety  is  regarded  as  die  most  probable  candidate  to  replace 
the  lidiium  sulfur  dioxide  line.  Lithium  mangarrese  dioxide  (cylindrical)  is  commercially  available, 
has  an  energy  density  SO  percent  higher  than  lithium  sulfur  dioxide,  and  has  a  discharge  rate  SO 
percent  higher  than  lithium  sulfur  dioxide.  They  are  also  much  safer  because  they  are  not  under 
pressure  and  do  not  contain  toxic  electrolytes  like  lithium  sulftir  dioxide  and  lithium  thionyl 
chloride  batteries.  Some  performance  corrqiared  to  a  lithium  sulfur  dioxide  battery  is  lost  in  the 
lithium  manganese  dioxide  battety,  primarily  in  cold  weather,  but  drey  are  projected  to  offer  twice 
the  life  of  die  lithium  sulfur  dioxide  batteries  at  less  cost  Still  at  issue  is  die  weight  of  the  lithium 
manganese  dioxide  versus  the  lidiium  sulfur  dioxide  and  some  safety  concerns.  In^novement  also 
is  needed  in  its  low  terrqierature  capabilities. 

The  lithium  manganese  dioxide  (pooch)  is  believed  to  offer  die  ultimate  in  safety,  the 
highest  dual  use  potential,  and  the  lowest  cost  pmential.  However,  it  is  in  the  early  stages  of 
development,  and  thoe  are  many  unknowns  such  as  hermeticity,  shelf  life,  low  temperature 
performance,  thermal  behavior,  and  stack  piessore/cootacts.  ARL  currendy  is  evaluating  die  state- 
of-the-art  foreign  technology  for  lithium  manganese  dioxide  cylindrical  cells.  Commercially- 
available  cells  from  Dowty  and  Hoppecke  have  been  tested.  These  san^iles'  room  tenqierature 
performance  is  similar  to  lidiium  sulfur  dioxide,  but  dieir  low  temperature  pcrfkmnance  would  need 
to  be  improved. 

Other  chemistries  attractive  to  the  Army  are  lithium  thionyl  chloride  and  lithium  sulfinyl 
chloride.  Lithium  thicmyl  chloride  chemistries  are  qipealing  because  they  offer  high  power,  all 
tenqierature  performance,  high  rate  pulse  design,  and  instant  start  capability.  Their  application 
currendy  is  limited  to  laser  devices  and  their  shelf  life  is  unknown.  They  are  a  candidate  for  the 
soldier  system.  Rnesendy  CECOM  uses  lithium  thionyl  chloride  batteries,  oittained  from  SAFT 
(but  the  cells  are  actually  manufactured  in  France),  in  very  limited  applications.  Lithium  sulfuryl 
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chloride  is  a  maximum  power/energy  lithium  system  and  is  considered  the  most  promising  lithium 
^stem  to  meet  soldier  system  requirements.  Concerns  with  this  particular  chemistry  include  shelf 
life  (without  refrigeration),  low  temperature  performance,  safety,  and  rate  capability  at  all 
tenqieratures. 

TaUe  8-4  below  lists  current  ARL  primaiy  battery  R&D  fnojects. 


SAFT 

instant  start  HRP  Li/SOCC12 

Ballard 

litiuum  manganese  dioxide  cylindrical 

PCI 

Ultralife 

lithium  manganese  dioxide  pouch  cell 

Table  8-4.  Primary  Lithium  Battery  R&D  Projects 


SAFTs  lithium  thionyl  chloride  prototypes  are  being  developed  for  laser  systems  and  laser 
counter  measure  applications.  This  chraustry  p^tmns  well  in  cold  weather  and  offers  a  higher 
energy  density.  Ballard  Battery  Systems  Corporation's  two  year,  $565,000  effort  is  to  produce  a 
safe,  cost  effective  primary  lithium  manganese  dioxide  battery  for  cmnmunicatitms/electronics 
equipment  applications.  The  litiuum  manganese  dioxide  battery  will  have  30  percent  nxne  power 
than  a  lithium  sulfur  dioxide  battery  and  could  be  used  as  its  replacement  PCI  and  Ultralife  have 
both  been  funded  by  the  Army  to  make  this  soft  sided  pooch  style  lithium  manganese  dioxide 
battery  chemistry. 

The  Army  is  planning  to  transitimi  to  a  lithium  polymer  (foil  cell)  primary  battery  by  1998. 
The  foil  laminate  packaging  is  appealing  because  it  will  reduce  die  cost  and  wei^t  of  lithium 
primaiy  batteries  for  militaiy  batteries.  It  invdves  placing  the  litiuum  battery  in  a  plasticized  ftnl,  a 
major  departure  from  the  standard  metal  casing.  Barriers  include  degrading  interfaces,  hi^ 
power/low  temperature  perfonnance,  low  energy  cathodes,  and  high  weight  of  inerts. 

The  Army  has  invested  significantly  in  researching  li^tweight  power  sources  for  the  future 
soldier  system,  the  21st  Century  Land  Warrior.  ARL  currently  is  examining  sulfiiryl  chloride 
batteries  or  some  versitm  of  a  pouch  battery  for  the  maximum  energy  density  battery  for  this 
system.  They  are  examining  a  backpack  arrangement  with  a  battery  life  of  6  to  24  hours. 
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The  Aimy  will  ccHitinue  to  use  lithium  bftttery  chemistries  for  the  Single  Clunnel  Ground 
and  Airborne  Radio  System  (SINGGARS)  because  they  cmisider  lithium  to  be  the  only  available 
battery  technology  that  meets  the  SINCXjARS  mission  requirements.  These  requirements 
24-hour  continuous  operation,  weight  less  than  20  pounds,  the  ability  to  handle  both  high  and  low 
temperatures,  and  capability  to  transmit  four  watts  of  power  at  the  antenna.  Challenges  in 
advancing  this  technology  include  decreasing  the  weight  (which  currently  accounts  for  about  12 
percent  of  the  manpack  weight),  being  able  to  use  low  power  components  and  low  cost  nwiimring 
devices,  expanding  the  life  of  the  rechargeable  batteries,  and  lowering  the  cost.  In  recent 
developments,  the  Army  has  been  able  to  reduce  the  SINCGARS  power  consumption  by  25 
percent,  which  will  help  extend  the  battery  life.  The  Army  also  has  developed  a  standard  family  of 
non-rechargeable  lithium  batteries  diat  ARL  assigns  to  new  equipment 

Regarding  rechargeable  batteries  for  C4I  applications,  the  Army  has  placed  emphasis  on 
using  a  battery  that  offers  dual  use.  low  cost,  and  early  availability.  The  nickel  metal  hydride 
battery  is  being  unplemented  for  near  term  use.  inqnoved  lithium  ion  batteries  for  mid-term  use, 
and  lithium  polymer  cells  for  far  tenn  use.  RedtargeaUe  alkaline  zinc  magm^cinm  batteries 

are  a  possibility  fcr  special  qjplications.  Active  ARL  rechargeable  battery  programs  include: 

•  EIC  -  rechargeable  lithium  battery  widi  solid  electrolyte 

•  Covalent -high  rate,  solid  inorganic  pdymer  electrolyte-based  bipolar  batteries 

•  Rayovac  -  low  cost  rechargeable  alkaline  battrary. 


The  lithium  ion  batteries  projected  for  possible  use  by  the  Army  will  have  the  same 
chemistries  used  in  the  commercial  market,  but  the  configuration  and  packaging  wiU  be  unique 
and,  hence,  the  price  will  be  higher  than  the  consumer  market  ARL  is  working  with  SAFT  and 
Rayovac  on  developing  a  rechargeable  lithium  ion  battery.  Concerns  with  using  this  new 
chemistry  include  safety  issues  regarding  flammable  electrolytes  and  cost  effectiveness.  The  cost 
effectiveness  issue  will  address  commercial  demand.  Improvements  arc  being  sought  in  energy 
density  and  low  temperature  operation.  Tadiran,  an  Israel-owned  company,  is  developing  a 
lithium  irai  battery  independently  and  will  provide  ARL  with  sarrqrles  for  testing. 

EIC  and  Covalent  have  both  received  funding  to  conduct  lithium  polymer  R&D.  ARPA 
will  be  spemsoring  some  lithium  polymer  work  in  the  near  future  as  well. 

ARL  also  is  studying  rechargeable  pulse  power^igh  power  batteries  for  electric  guns  and 
electromagnetic  armor.  Westin^ouse  and  SAFT  are  involved  in  this  effort. 
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Another  research  program  currently  undmvay  in  the  Army  is  development  of  a  lithium 
based  liquid  reserve  battery  that  has  a  Itmger  operating  life.  These  reserve  batteries  are  used 
primarily  in  munidois.  In  a  reserve  battery,  the  electrolyte  is  kq>t  sqnuate  firom  the  active  material 
and  mixed  mgether  with  the  material  when  the  item  is  put  into  use.  These  batteries  are  an 
alternative  to  environmentally  and  eomomically  endangoed  lead/fluoroboric  acid  systems.  The 
ultimate  goal  of  diis  project  is  to  use  commercially  available  primary  batteries  instead  of  custom 
liquid  reserve  batteries.  An  in-process  evaluatitxi  of  storage  lifetimes  of  commercially  available 
button  cells  is  underway. 

8.3.2  Air  Force 

Air  Force  plans  include  lithium  rechargeable  batteries  (inorganic  and  polymer)  fOT  More 
Electric  Aircraft,  life  supportfsurvival,  special  operation  forces,  aeroqtace  medical  devices,  RVs, 
and  sensors  and  lithium  primary  inorganic  batteries  for  special  operational  forces,  fuses,  and  cm- 
board  tactical  weapons.  Wright  Laboratories'  efforts  include  high  voltage  system  thermal 
chemistries,  inorganic  electrolytes  for  lithium  rechargeable  batteries,  primary  and  secondary 
lidiium-ion  pdymer  batteries,  and  inoganic  lidiium  jnimaiy  batteries. 

Table  8-5  lists  current  programs  underway  duu  are  in  conjunction  with  Wright  Laboratory. 


Lidiium  Energy  Associated 


rediargeable  lithium  copper  chloride 
battery  with  inorganic  electrolyte  for  ICBM 
emereency/sutvival  power 


low  temperature,  li^twdght  rediargeable 
lidiium  battery  for  possiUe  use  in  life 
support  devices,  transmitters,  beacons, 
liters  and  portable  power  tools 


Table  8-5.  Air  Force  Lithium  R&D  Projects  (Wright  Laboratory) 


lllll_llllllll_ll_ 

Ballanl  Battery  Systems 

rechargeable  Li/S02  battery  for  use  in 
aviation,  tactical  and  strategic  weqxMi 
systems  (diis  four-year,  $3.5  million  effort 
is  joindy  funded  by  Industry  Science  and 
Technedogy  Canada.) 

Yaidney  Tedmical  Products 

reduDgeable  liduum  batteries  for  use  in 
aviatkm,  tacdcal,  and  strategic  wei^xms 

systems 

University  of  Rcnne  (Soosati) 

diaiactetization  rtf  die  lidiium^ymer 
dectredyte  interface 

Technical  University  of  Warsaw 
(Floijancsyk) 

k)w  tetiqierature  pcdynoer  electrrdytes  that 
are  dectrocliemically  compadtde  with 
lithium  systems 

Wrigjit  Laboratoy  in-house  (Scanlon) 

non-aqueous  electredyte  battery  researdi 
involving  develqnient  of  an  kmically 
conducting  polymer  electrolyte  widi  good 
lidnum  elecirode/elu.indyte  interfacial 
stability 

SAFT  America,  Inc. 

a  rechargeable,  high  energy  density,  lithium 
ion/UMo  (UQCiNiO)  battery  for  military 
and  commercial  consumption 

Table  8-5,  Cent.  Air  Force  Lithium  R&D  Projects  (Wright  Laboratory) 
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Sage  Corporation 

use  Sol-gel  techniques  to  grow  cathode 
materials,  in  powdered  fonn,  for  use  in 
lidiium  rechargeable  batteries  for  portable 
power  applications. 

Redox  Batteries,  Inc. 

develq)  carbon  (graphite)  fiber  anodes 
capable  of  reversibly  accq)ting  lithium  ions 
widiout  performance  degradatitm  during 
c^ling.  Result  will  be  a  high  energy 
density,  long  life  lithium  i(Mi  battery  with 
iiiq}roved  poformance  and  safety 
characteristics,  made  from  enviicmmentally 
friendly  materials. 

Covalent  Associates 

use  lithium  manganese  oxides  as  cathode 
materials  in  model  rechargeable  lithium  ion 
batteries,  resulting  in  a  battery  that  offers  a 
higher  energy  density,  is  more  stable,  and 
is  environmentally  friendly. 

UDRI 

explore  polymer  electrolyte  with  high  ionic 
conductivity,  high  transport  number  and 
good  electrode/electrolyte  stability  for  use  in 
a  high  energy  density  rechargeable  battery 
for  dual  use  capability. 

Indian  Institute  of  Science 

investigate  the  failure  mechanism  of 
polymer  electrolytes  as  a  function  of  time. 

Hnal  goal  of  the  AF  is  to  develop  a 
rechargeable  lithium  battery  with  dual  use 
capabilities. 

Table  8-5,  Cont.  Air  Force  Lithium  R&D  Projects  (Wright  Laboratory) 
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The  Air  Force  also  has  embarked  (ni  a  program  to  develr^  a  transient,  3-D  heat  and  mass 
transfer  mathematical  model  of  a  lithium^Kdymer  electn^yte  rechargeaUe  batmry.  This  model  will 
be  used  to  t^timize  battery  designs  fcff  various  t^licatiors  requirements.  Scheduled  completicm 
dale  for  this  model  is  May  of  199S. 

In  the  future,  Wright  Laboratories  will  be  erqrloring  liquid  and  polymer  electrolytes  fmr  use 
in  advanced  aircraft  batteries  (bipolar);  life  support/survival,  special  operations,  aerospace 
medical,  and  RV  batteries  (monqrolar  and  bipolar);  and  potential  dual  use  applications  (lithium 
secondary  and  primary  of  varying  electrolyte  systems).  Some  potential  commercial  applications 
for  these  batteries  are  automotive  tractimi,  aircraft,  medical  (pacenudcers),  electronics,  and 

satellites, 

I%illips  Labmatory  has  several  contractual  development  efforts  in  place  involving  solid 
state  batteries.  These  are  listed  in  Table  8-6. 


Alliant  Techsystems 

lithium  ion  chemistry 

JPL(USQ 

metallic  lithium  dtetnistry 

Harwell  Laboratories 

lidiium  foil  chemistry 

EIC  Laboratories 

lithium  i(Hi  diemisiries 

Table  8^.  Air  Force  Lithium  R&D  Projects  (Phillips  Laboratory) 


8.3.3  Navy 


Most  of  the  batteries  in  use  by  the  Navy  today  are  active  primary  chemistries  such  as 
lithiurn/sulfur  dioxide,  lithium  thionyl  chlmide,  lithium  sulfuryl  chloride,  lithium  manganese 
dioxide,  and  lithium  carbon  monofluoride.  Reserve  lithium  chemistry  systems  are  limited  to 
applications  requiring  extended  shelf  lives  and  immunity  to  environmental  exposure  such  as 
munitions. 


Navy  battery  R&D  focuses  on  lithium,  with  emphasis  on  rechargeable,  high  pulsed,  and 
tiiermal  batteries.  Lithium  battery  systems  curraitly  under  study  are: 

•  lithium  sea  water  systems 

•  litiiiumtiwrmal  batteries 


91 


•  litliiiinV  metal  sulfide  itchaigeaUes 

•  lifiiium  and  lithium-ioi)/ metal  oxide  lechargeaUes 

•  lidiiumanocfe  liquid  electrolyte  primaiybatterks 

The  Navy's  goals  for  rechargeable  batteries  are  for  lithium  cells  to  increase  the  energy 
density  1^  100  percent  and  extoid  the  cycle  life  by  100  percent,  and  for  lithium  imt  chemistries  to 
maintain  the  energy  density  and  extend  the  cycle  life  SOO  percent 

Special  purpose  reserve  batteries  are  being  developed  to  rq)lace  zinc/silver  oxide  primary 
batteries.  Reserve  lithium  oxyhalide  and  lithium  thermal  batteries  are  considered  good  candidates 
to  retrofit  older  magnesium/silver  chloride  and  zinc/siiver  oxide  batteries  in  a  variety  of  missile  and 
submersible  ^rplicatitMis  and  will  become  standard  in  new  develqrments  such  as  experulable, 
submersible  pnqrulsiaa  and  missile  guidaoce  and  contrxd  power  supplies. 

The  Navy  is  striving  to  use  commercially  available  lithium  batteries  in  the  following  cell 
sizes:  9V,  AA,  and  2/3  A.  These  cells  will  use  (CF)x.  manganese  dioxide,  iron  disulfide,  and 
thionyl  chloride  cathodes.  The  batteries  will  serve  as  rqrlacements  for  odier  cells  tritich  are  no 
longer  available  or  have  poor  performance.  Benefits  of  switching  to  these  batteries  include 
extended  storage  life  and  improved  perfmmance  at  modmately  low  temperature.  Potential 
applications  for  diese  batteries  ate  underwater  mines,  countermeasures  for  underwater  mines,  and 
diver  support  systems. 

lithium  secondary  batteries  ate  eiqtected  to  replace  rechargeable  zinc/silver  oxide  batteries 
used  in  submersible  vdiides  and  exercise  torpedoes.  Specific  chemistries  under  study  are  Uddated 
vanadium  and  cobalt  oxide  in  combinatkm  widi  a  variety  of  electtolytes.  By  1998,  die  Navy  hopes 
to  have  available  400  to  1,000  angiete  hour  cells. 

The  Navy  is  working  on  develcqnng  several  battery  chemistries  diat  offer  improved  energy 
density  or  power  ciqiability,  or  chemistries  which  combine  both  attributes.  Increased  energy 
density  is  important  for  systems  such  as  underwater  mines,  data  acquisition  equipment  (sensors 
and  sensor  relays),  ai^  person  portable  equipment  used  qiecial  warfare  units  like  the  Navy 
Seals.  Chemistries  with  die  pmential  of  fulfilling  this  objective  are  lidiium  thionyl  ddoiide,  lithium 
carbcm  nxmofluoride,  and  lithium  manganese  chlmide,  as  well  as  a  variety  of  special  purpose  sea 
water  ^sterns. 
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Increased  power  capability  is  important  for  advanced  electrical/electronic  weapons  and 
certain  pulsed  signaling  systems  such  as  sonar.  Under  study  in  this  area  are  advanced  electrolytic 
capacitors  and  some  molten  salt  systems.  Energy  and  power  densities  are  important  for 
underwater  vehicles  and  missiles.  Chemistries  with  the  potential  of  fulfilling  these  objectives  are 
advanced  dteimal  or  molten  salt  batteries  and  lithium  thionyl  chloride  batteries.  They  offer  greater 
energy  and  power  per  unit  weight  and  volume,  longer  life  (storage,  deployment,  and  recharges), 
and  safety.  These  include  lithium  sea  water  batteries  fen*  high  and  low  discharge  rate  applications 
and  various  gas  cathode  conEgurations  including  lithium/air  (ambient  temperature)  and 
lithium/dilodne  (molten  salt  electrcdyte). 

Several  companies  are  involved  in  R&D  effests  in  this  area.  Eagle  Richer  has  develqied  a 
large  1,2(X)  arrq)ere  hour  lithium  battery  for  a  deep  ocean  tran^nder  with  an  eight  year  missitMi 
life.  Electrochemical  Corporation  has  a  SBIR  contract  sptnisored  by  the  Navy  to  develcq)  a  high 
energy  long  life  rechargeable  battery  with  energy  densities  superior  to  current  lithium  systems  for 
use  in  unmanned  air  vehicles.  Mlson  Greatbach  Limited  is  involved  in  another  Navy  sponsored 
SBIR  program  to  develop  high  pressure  tolerant  lithium  batteries  with  high  energy  densities 
capable  of  tolerating  at  ocean  depths  of  20,0(X)  feet  Two  lithium  chemistries  being  studied  are 
chlorinated  sulfuryl  chloride  and  carbon  nxmoflutmde. 

Navy  battery  experts  believe  that  the  next  generation  of  chemistries  that  the  Navy  will 
incorporate  into  their  weapon  systems  are  rechargeables  and  lithium  ion  chemistries.  For  the 
Navy,  Alliant  Techsystems  is  exartuning  lithium  rechargeable  batteries,  and  Rayovac  is 
investigating  lithium  ion  chemistries. 

Navy  6.2  work  includes: 

•  rechargeable  lithium  batteries  for  underwater  vehide  propulsion, 

•  high-power  lithium  oxyhalide  batteries  for  sonobuoys, 

•  hig^-power  thermal  batteries  for  sonobuoys, 

•  lithium-ion  rechargeable  batteries,  and 

•  itroiroved  mine  batteries. 

Advanced  develcpn^t  battery  systems  that  the  Navy  is  working  on  ate: 

•  lithium  sulfur  dioxide  batteries  for  stmobuoys,  target  vehicles,  and  expendable  trainers 

•  lead  fluoroboric  acid  batteries  for  projectile  fuses 

•  sea  water  batteries  for  countermeasures,  mine  countermeasures  (MCM),  and  UUV 
prcqiulsion 


•  thennal  batteries  for  countenneasuies,  M04,  sonobuoys,  missiles,  and  unique 
ejqKndables 

•  lithium  battery  system  design  and  safety 

•  non-aqueous  magnesium  manganese  dioxide  as  non-lithium  oost^performance  alternative 

•  large,  high-capacity,  high  energy  density  lithium  thionyl  chloride  batteries  for 
underwater  vehicles  and  missiles 

•  advanced  lidiium  diionyl  ddoride  rqrlaoement  for  zinc  mercuric  oxide  emergency  beacon 

•  huge  6,00(X4-anq)ere  hour  (AH)  nidcelciulmium  cells  to  replace  lead  acid  batteries  in 
submarines. 

Regarding  Navy  primary  battery  develtqmient,  two  electrochemistries  under  develt^ment 
are  lidiium  thionyl  chltvide  and  lithium  thermals.  These  chemistiies  support  new,  low  frequency, 
active  sonobuoys  to  respond  to  shallow  water  operations  (in  response  to  third  wwld  crises)  and 
quieter  submarines.  These  low  frequency  sonobuoys  require  higher  power.  At  present,  no 
commercial  battery  is  available  with  power  and  energy  densities  sufficient  to  power  these  low 
frequency  sonobuoys.  The  Navy  also  is  looking  to  replace  some  of  its  lithium  sulfur  dioxide 
batteries  with  lithium  thionyl  chloride  batteries  for  sooe  ai^Ucadons  such  as  mines. 

TaUe  8-7  lists  congranies  and  dieir  R&D  initiatives  in  Navy  prinoary  battery  development 


SAFT  America 

high  power  thermal  batteries 

Yardney 

hi^  power  lithium  thionyl  chloride 
sonobuoy  battery 

Table  8*7.  Navy  Primary  Lithium  Battery  R&D  Projects 


Recent  results  show  that  SAFT  has  made  significant  progress  towards  higher  voltage  and 
Itmger  active  life  than  present  thennal  battery  technology.  The  Yardney  project  demcmstrated  the 
lithium  thionyl  chltnide  technology,  but  is  no  Itmger  being  funded. 

To  stem  the  proliferation  of  battery  chemistries  and  sizes  in  the  mine  and  mine 
countermeasures  community,  die  Navy  developed  a  "fannly  of  standard  cells"  using  die  Li/S(Xn2 
chemistry  as  a  base.  These  four  or  five  cells  are  based  on  commercird  sizes  that  can  be  assembled 
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to  ivovide  batteries  for  the  next  generation  of  mines  as  well  as  for  the  eventual  retrofit  of  current 
mine  systems.  They  replace  older  chemistries  such  as  cadmium  or  zinc  mercuric  oxide  and 
magnesium  manganese  dioxide.  EIC  Laborattny  and  ECO  CoipOTatKHi  are  woridng  together  on  a 
project  to  develop  a  lidiium  tfaionyl  chloride  battery  for  mines. 

The  Navy  is  collaborating  with  the  Army  to  develop  a  reserve  lithium  cobalt  dioxide  battery 
for  hand  deployed  wide  area  mines.  They  are  developing  procedures  to  synthesize  a  charged 
cobalt  oxide  cathode  and  hope  diat  this  new  chemistry  will  be  safer  and  more  reliable  dian  the 
existing  diionyl  chloride  battery. 

The  Navy  is  also  working  on  ARPA  sponsored  research  dealing  with  flexible 
manufacturing  and  rapid  prototyping  of  solid  polymer  electrolyte,  rechargeable  ambient 
temperature  batteries.  This  battery  could  have  potential  dual  use  applications,  especially  as  an 
alternative  battery  to  cellular  and  U^top  applications. 

8.3.4  Departmoit  of  Energy 

Sandia  National  Laboratories  (SNL)  is  studying  lithium  sulfur  dioxide  technology  to 
increase  the  reliabili^  and  active  life  by  working  widi  a  commercial  cell  and  improving  the  design. 
These  improvements  include  nmlybdenum  terminal,  TA23  glass,  nickel  grid  in  anode,  stainless 
steel  case,  and  connector  modifications  for  increased  rigidi^. 

SNL  also  is  active  in  R&D  efforts  in  lithium  thionyl  chloride  technology.  Using  cells 
designed  in-house,  Sandia  has  fabricated  prototypes  and  currently  is  transferring  this  technology  to 
industry,  ruunely  Honeywell,  Eagle-Picher,  and  Wilson  Oreatbach. 

Eveready  and  Oak  Ridge  National  Laboratory  are  pursuing  a  method  for  packaging 
rechargeable  thin-film  lithium  batteries  that  are  as  small  as  shirt  butttms  and  thiiuier  than  plastic 
wnq>.  They  also  have  a  signed  CRADA  with  the  Office  of  Energy  Research  Technology  Transfer 
to  develop  a  miciobatieiy  that  could  be  fabricated  diretxly  onto  a  cooqruter  memory  chip  to  preserve 
mformatimi  in  die  evrat  of  a  power  failure. 

Power  Conversion  Inc.  has  a  CRADA  with  DOE  involving  a  nonrechargeable  lithium 
polymer  batteiy. 
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DOE  believes  that  intermediate  term/high  performance  battery  chemistries  projected  to  be 
ready  for  use  in  electric  vehicles  in  the  mid  to  late  1990's  include  lithium  metal  iron  sulfide  and 
lithium  metal  ircm  disulfide.  Battery  chemistries  that  are  potential  candidates  for  the  electric  vehicie 
in  10  to  IS  years  are  lithium  polymer  and  metal  air.  The  U.S.  Advanced  Battery  Consortium  has 
funded  a  number  of  R&D  lithium  based  projects  as  possible  advanced  btutery  alternatives  for  the 
electric  vdiide.  These  include: 

•  W.R.  Grace  and  Company  -  lithium  polymer  battery 

•  Johnscm  Controls,  Inc.  -  lithium  polymer  battery 

•  Hydro  Quebec  -  lithium  polymer  battery 

•  SAFT  America,  Inc.  -  lithium  metal  disulfide  battery 

•  Lawrence  Berkeley  Laboratory -lidiium  polymer  battery  researdi  and  hi^  temperature 
battery  testing 

•  Sandia  National  Laboratory  -  lithium  pdymer  battery  research  and  high  temperature 
battery  testing 

•  Argonne  National  Laboratory -lithium  metal  disulfide  research  and  testing  of  hi^ 
tenqrerature  batteries. 

8.3.5  ARPA 

Tire  Technology  Reinvestment  Program's  (TRP)  battery  work  has  been  focused  on  lithium 
battery  technology.  One  TRP  effort  involves  developing  a  rechargeable  high  energy  density 
lithium  itm  technology  for  military  training  missions.  Tliis  technology  will  provide  low  life  cycle 
cost,  rechargeable  batteries.  Potential  commercial  uses  include  portable  telephones  and  lap-top 
computers.  Participants  in  diis  initiative  ate  SAFT  America-Valdese,  FMC  Corporation,  Motonda, 
Apple  Conqruter,  North  Carolina  A&T  University,  Western  Piedmont  College,  Army  Research 
Labmatory,  and  the  State  of  North  Carolina. 

A  second  funded  TRP  program  is  looking  at  rechargeaUe  lidiium  solid  polymer  electrolyte 
teclmology  for  use  in  training  missions.  Participants  include  Lockheed,  Valence  Technology,  and 
Delco  Remy.  Twenty  prototype  rechargeable  lithium  polymer  batteries  have  been  delivered  to 
ARPA  to  be  used  as  replacements  to  prinutty  lithium  batteries  currently  in  use  in  night  visicm 
secures  for  rifles. 

Both  of  these  projects  have  corrunercial  marketplace  potential  for  applications  such  as 
cellular  telqrhones  and  Irpop  conqjuiers.  The  chemistries  are  the  same  although  cell  production  is 
different 
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Lockheed  Missiles  and  Space  Co.  has  received  $3  million  in  TRP  funding  to  develq),  over 
a  period  of  24  months,  a  solid  polymer  rechargeable  lithium  battery  technology  for  use  in 
commercial  and  military  applications  ranging  from  satellites  to  manportable  communications 
equipment  This  battery  will  use  a  solid  polymer  as  an  electrolyte  and  is  projected  to  offer  higher 
voltages  than  silver  zinc  and  nickel  cadmium  batteries,  no  potential  for  acid  leaking,  no  gas  build¬ 
up  during  battery  charging,  higher  recharging  cycles,  and  longer  cell  life.  The  team  includes 
Valence  Technology  and  General  Motors  Corporation. 

A  series  of  TRP  rechargeable  technology  studies  currently  are  under  negotiatitm  at  this 
time.  ARPA  also  is  funding  research  in  lithium  itm  and  lithium  solid  polymer  chemistries.  A 
number  of  contracts  currently  are  under  negotiation  in  this  area;  three  of  which  have  already  been 
awarded; 

•  Carnegie  Mellon  -  researching  new  material  dq)osition  techniques  for  electrodes 

•  Birl  (part  of  Northwestern  University)  -  Researching  polymer  synthesis  and  materials 
processing  for  electrodes 

•  University  of  Surrey  (England)  -  Examining  pdymer  electrolyte  devek^nnent 

Two  SBIR  contracts  in  place  are  with  Research  Intematicmal  and  EIC  to  develop  a  "battery 
on  a  chip".  This  entails  manufacturing  small  integrated  circuits  and  placing  the  battery  in  the 
integrated  circuit  package.  The  principal  short  term  military  plication  is  memory  protection  for 
CMOS  static  random  access  memory  in  the  event  of  primary  power  loss.  Many  critical  or  portable 
data  storage  and  miniaturized  electronic  devices  will  benefit  from  the  availability  of  tiiese  thin  film 
batteries.  Potential  commercial  applications  of  this  technology  ate  memory  backup  or  secondary 
power  source  for  personal  computers,  portable  ccnrununications,  and  portable  data  storage 
systems.  They  also  could  prove  useful  in  enhancing  senses  for  pollution  monitoring  and  ccHitrol 
systems  and  medical  devices  such  as  implantable  drug  pumps  and  cardiac  defibrillators. 
Additionally,  a  University  Research  Initiative  contract  has  been  awarded  with  the  University  of 
Miruiesota  to  develop  new  components  (electrodes^lymers)  for  rechargeable  chemistries  such  as 
lithium  km  and  lithium  metal. 

8.3.6  NASA 

Among  the  advanced  battery  systems  NASA  has  under  development  are  lithium  titanium 
disulfide  and  lithium  ion.  The  major  thrust  of  NASA's  current  primary  battery  technology  efforts 
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is  reducing  the  number  of  different  cell  chemistries  now  used  by  identifying  and  qualifying  high 
performance  NASA  standard  primary  cells.  Johnscm  Space  Center  has  led  this  work,  including: 

•  Development  of  intemal/extemal  short  dicuit  protection  for  lithium  cells -JSC 
contracted  with  Yardney  Technical  Products  on  diis  effort 

•  Devekqnnent  of  lidiiumD  cells  capable  (rf  meeting  high  rate  requirements  while  being 
tolerant  oi  electrical  and  thermal  abuse 

•  Development  of  zinc  air  batteries  for  shuttle  orbiter  applications. 

NASA's  Jet  Propulsion  Laboratory  (JPL)  is  working  on  developing  and  demonstrating 
ambient  tenqrerature  rechargeable  lithium  titanium  disulfide  cells  capable  of  1,000  cycles  at  SO 
percent  depth  of  discharge  and  five  year  storage.  They  also  are  studying  ambient  terrqrerature 
rechargeable  lithium  itm  cells  and  ambient  temperature  rechargeable  lithium  polymeric  electrolyte 
cells  to  determine  ways  to  improve  the  power  density  of  the  battery  and  extend  the  cycle  life. 
Alliant  Techsystems  is  working  in  conjunction  with  JPL  rni  a  space  flight  qualification  services 
contract  for  a  lithium  thicmyl  chloride  battoy  for  the  Titan  IV.  Martin  Marietta  is  involved  in 
lithium  battery  research  for  the  Titan  IV  Launch  Vdiicle  inogram  as  well  Yardney  also  is  working 
with  JPL  under  a  $500,000  SBIR  contract  to  develop  a  bipolar  rechargeable  lithium  ion  battoy  for 
auxiliary  power  tools  on  the  space  shuttle.  This  battery  also  has  the  potential  fat  other  aerospace 
and  corrunercial  applications  where  high  discharge  rate,  small  size,  lightweight,  high  energy 
density,  and  long  cycle  life  are  critical  design  parameters. 

In  addition,  Wilson  Greatbach  Limited  has  a  SBIR  ccHitract  with  NASA  to  develt^  a  low 
tenq)etature  electrolyte  to  improve  the  performance  of  the  lithium  silver  vanadium  oxide  system 
used  in  emergency  locator  transmitters  and  em^gency  position-indicating  radio  beacmis.  Other 
potential  military  and  space  applicadmis  of  this  technology  are  superconducting  wire  for  the 
fabrication  of  advanced  high-field  magnets  uid  solenoids,  electric  motor  windings, 
superconducting  rotors  in  electric  power  generators,  transformers,  induction  energy  storage 
systems,  and  SQUIBS. 

8.3.7  Ballistic  Missile  Defense  Organization  (BMDO) 

EIC  has  an  SBIR  contract  with  BMDO  to  develop  a  super  high  energy  density  lithium 
bromine  trifluoride  battery  with  the  potential  to  dmible  the  highest  presently  available  energy 
densities.  Electrochemica  Corporation  also  has  received  SBIR  funding  from  BMDO  to  develop  a 
high  power  density  battery  design  for  space  prirxie  power.  Lithium  Energy  Associates  has  a 
BMDO  SBIR  contract  to  evaluate  high  power  lithium  rechargeable  batteries  with  inorganic 


electrolytes  for  strategic  defense  ^tplications.  This  project  could  have  potential  for  the  tenestrial 
rail  gun,  laser,  and  similar  weapon  systems  in  addition  to  the  space  power  l^>plications.  It  could 
also  have  potential  commercial  applications  such  as  low  earth  oibit  satellite  power,  cellular  radios, 
and  inqjlantable  elcctrcanedical  devices  such  as  heart  defibrillators.  Wilscm  Greatbach  Limited  has 
SBIR  funding  to  develq>  a  super  hi^  energy  denary  lidtium  bromine  fluorate  battery  for  potential 
military  space  iqrplications. 

8.3.8  National  Science  Foundation  (NSF) 

The  NSF  has  sponsored  the  Aurora  Flight  Sciraces  Corporation,  working  with  Harvard 
University,  in  developing  a  lithium  battery  propulsion  system  for  the  next  generation  of  low-cost 
unmarmed  aircraft  for  atmospheric  science  research.  Another  NSF  sponsored  SBIR  effort  funds 
Covalent  Associates  to  develq)  stable,  non-ccnnplexing  anions  for  rechargeable  lithium  batteries. 
Improved  electrolyte  stability  and  conductivity  is  needed  to  facilitate  the  develq[>ment  of  high 
energy  rechargeable  lithium  batteries. 

8.3.9  Department  of  National  Defence  (DND),  Canada 

For  high  power  and  high  density  energy  applications  in  a  small  size  format,  the  cmly 
current  solution  for  communications  equipment,  diemical  agent  monitors,  ELTs,  and  sonobuoys 
are  expensive  primary  lithium  sulfur  dioxide  batteries  that  offer  high  energy  densities,  low 
terrqrerature  performance,  and  good  shelf  life.  At  present,  though,  high  cqrmting  costs  limit  wider 
use  of  diese  batteries.  R&D  efforts  ate  concmtrated  in  resolving  safety  issues  and  reducing  costs. 
This  work  is  carried  out  at  the  Electrochemical  Science  and  Technology  Center  (ESTCO), 
University  of  Ottawa. 

DND  also  is  studying  lithium  rechargeable  systems,  namely  solid  polymer  battery 
chemistries  and  lithium  ionic  battery  chemistries,  as  replacements  for  the  nickel  cadmium  batteries 
they  currently  use.  These  batteries  are  needed  to  power  their  communications  and  portable 
equipment  They  offer  energy  densities  higher  than  conventional  rechargeable  batteries,  low  self 
discharge,  and  low  life  cycle  cost  DND  battery  experts  have  stated  that  although  rechargeable 
lithium  batteries  offer  high  energy  densities,  they  have  not  yet  matured  sufficiently  to  be  suitable 
for  commercial  and  military  use.  DND  R&D  efforts  in  this  area  are  focused  on  improving  low 
temperatuie  performance  and  improving  energy  density.  Rechargeable  lithium  solid  polymer 
electrolyte  batteries  (SPEs)  have  been  identiffed  as  a  promising  technology  for  CRISAT 
applications.  This  new  technology  offers  the  potential  of  future  low  rruuiufacturing  costs.  It  is 
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environmentally  benign,  avoids  electrolyte  leakage  to  damage  electrcHiic  components,  and  can  fit 
any  casing  shape.  SFEs  can  be  used  as  a  rechargeable  system  for  training  or  peace  time  exercises 
or  as  a  primary  battery  in  an  emergency  or  wartime  situation.  However,  SPE  conductivity  is  very 
low  at  room  temperature,  precluding  its  use.  DND  is  addressing  the  issue  of  increasing 
conductivity  at  lower  tenqteratuie  through  the  use  of  plasticizers  and  the  development  of  new 
polymers.  The  lithium  polymer  worir  is  being  perfmned  by  Hydro-Quebec  and  the  lithium  ion 
work  by  the  National  Research  Council  (NRQ. 

The  NRCs  Institute  for  Environmental  Chonistry  lithium  irxi  battery  research  focuses  on 
development  of  rechargeable  lithium  i(»  cells.  NRC  is  providing  the  scientific  foundatimi  while 
Electrofuel  Manufacturing  is  handling  the  ma^als  and  prototype  manufacturing.  NRC 
researches  consider  lithium  ion  batteries  safer  than  metallic  lithium  batteries  such  as  lithium  sulfur 
dioxide  since  th^  contain  no  metallic  lithium. 

Ballard,  in  conjunction  with  the  CANMET/Energy,  Mines  and  Resources  Canada  (EMRQ, 
is  developing  a  commercial  transit  bus  powered  by  Ballard's  Solid  Polymer  Fuel  Cells.  This 
program  was  irutiated  to  demonstrate  the  ct^nbili^  oi  the  fuel  cell  by  itself  as  die  source  of  motive 
power.  The  first  phase  involved  a  32  foot  bus;  the  secrmd  phase  uses  a  full  size  (40-foot)  bus. 
This  phase  seeks  improvements  in  vehicle  range  by  applying  better  hydrogen  storage  technologies 
arid  the  use  of  more  congiact  fuel  cells  and  ancillaries. 

Additionally,  Ballard  has  a  Defense  Develqmient  Sharing  Agreement  on  a  four-year,  $3.5 
million  effort  sponsored  by  the  U.S.  Air  Force  and  Industry  Science  and  Technology  Canada  to 
develop  and  demonstrate  a  rediargeable  lithium  sulfur  dioxide  battay . 

Ballard  also  worked  with  the  Canadian  Dqiartment  of  Defence  to  study  die  feasibilior  of 
operating  an  Air  Independent  Power  System  (AIPS)  solid  polymer  fuel  cell  power  plant  in  a 
submarine. 

8.3.10  Commercial 

8.3.10.1  MedicalR&D 

The  first  commercially  successful  application  of  lithium  batteries  was  for  implantable 
birmiedical  uses.  Pacemakers,  defibrillators,  neurostimulators,  and  drug  delivery  systems  all  use 
lithium  battenes.  Lithium  batteries  were  first  proposed  for  use  in  cardiac  pacemakers  in  1971.  The 
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second  most  widely  used  inqdantahle  electronic  device  today  is  the  implantable  defibriilaior  which 
uses  Udiium/silver  vanadium  oxide  systems.  Implantable  neurostimulators  are  powered  by  small, 
prismatic  lithium  diionyl  chloride  batteries. 

Several  new  implantable  biomedical  devices  are  cunendy  underdevelopment  including  the 
left  ventricular  assist  device.  This  device  cunendy  requires  power  supplied  by  an  external  battery 
pack.  Trials  have  been  conducted  using  nickel  cadmium  batteries,  but  work  on  lithium  secondary 
batteries  for  such  devices  is  in  progress.  Development  is  also  underway  on  batteries  for 
implantable  hearing  assist  devices,  gait  assist  devices,  mechanical  limbs,  and  artificial  eyes. 
Lithium  batteries  are  expected  to  play  a  key  role  in  these  devices. 

Hydro  Quebec  is  in  the  process  of  develtping  a  14  iiM;h  "beer  can”  lithium  polymer  cell 
(jelly  roll  configuration)  that  can  be  packaged  to  manufacture  a  two  kilowatt  hour  battery.  Thegoal 
is  a  1,000  cycle  battery  widi  long  shelf  life  and  a  recharge  time  of  six  to  eight  hours.  Riase  in, 
scheduled  to  begin  in  1995,  will  entail  productimr  of  a  40  kilowatt  hour  battery  arrd  pilot  plan 
producticMt  Wheelchairs  are  the  designated  preliminary  test  application  for  this  battery  with  the 
hope  of  being  able  to  compete  widi  lead  add  batteries  in  terms  of  cost^ilowatt  hour  mi  other  major 
rpplications  such  as  electric  vehicles. 

8.3.10.2  Electronic  R&D 

Notebook  computers  represent  a  rapidly  growing  market  for  high  energy  density 
rechargeable  batteries.  Almost  all  current  portable  computers  use  the  nickel  cadmium  battery. 
However,  the  need  for  higher  energy  densi^  has  encouraged  R&D  initiatives  in  alternate  systems. 
Immediate  near  term,  next  generation  batteries  for  this  plication  are  the  nickel  metal  hydride  cell 
and  the  lithium  ion  celL  They  offer  a  performance  advantage  over  presently  used  nickel  cadmium 
cells  and  are  more  environmentally  acceptable.  Apple  is  using  nickel  metal  hydride  batteries  in 
their  newest  notebodc  computers. 

Several  comparues  are  pursuing  advances  in  lithium  ion  technology.  Sony  is  the  only 
company  selling  lithium  ion  batteries  for  their  camcorders  and  currently  is  studying  rectangular 
lithium  ion  rechargeable  batteries  for  application  in  portable  telephmies,  personal  computers,  and 
liquid  crystal  videos.  Matsushita  and  Sanyo  have  reported  increases  as  high  as  50  percent  in 
energy  sten^ge  capacity  for  their  lithium  ion  prototype  over  the  Sony  commercial  product. 
Matsushita  has  begun  selling  two  types  of  cylindrical  lithium  ion  cells  and  one  rechargeable  cell 
and  is  expected  to  expand  their  production  capabilities  to  produce  one  million  cells  per  month  by 
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die  end  of  1994.  A  joint  venture  of  Asahi  and  Toshiba  is  reported  ready  to  begin  production  of 
hundreds  ttf  thousands  of  lithium  ion  cells  per  month.  Duracell,  Eveready,  and  Rayovac  and  a 
number  of  European  battery  manufacturers  also  have  initiated  lithium  ion  programs  focusing  on  the 
portable  electronics  battery  market 

Regarding  lithium  manganese  dioxide  develc^ments,  Dowty  Batteries  has  develcqied  a 
lithium  manganese  dioxide  three  volt  batteiy  for  tqqilications  such  as  heating  controllers,  oonqMiter 
memoiy  protection,  real  time  clocks,  and  data  loggers.  Maxell  Corporation  of  America  also  is 
devek^g  a  new  lithium  manganese  dioxide  sectmdary  battery  for  use  as  a  memory  backup  power 
supply. 


An  alternative,  longer  term,  candidate  for  high  energy  density  portable  power  is  the 
rechargeable  lithium  polymer  battery.  However,  there  are  safety  ccmcems  that  need  to  be 
addressed  before  it  can  be  ctMnmetdalized. 

8.3.10.3  Electric  VefaideR&D 

The  U.S.  Advanced  Battery  Omsmtium  (ABC)  is  studying  lithium  polymer  and  lithium 
iron  disulfide  batteries  for  electric  vehicles  (EV).  Argonne  Natirmal  Laboratory  has  developed  a 
lithium  iron  sulfide  battery  that  can  be  recharged  1,000  times,  giving  it  a  100,000  mile  lifetime  in 
an  dectric  vehicle  before  replacenoent  The  battery  can  allow  acceleration  fipom  zero  to  sixty  miles 
per  hour  in  ei{^t  seconds  and  provides  a  300  mile  range.  It  weighs  crmsidetably  less  than  other 
EV  batteries  currently  in  use  and  is  expected  to  be  packaged  in  less  duu  half  die  size  of  batteries 
previously  used  in  electric  vehicles.  The  battery  also  has  potential  application  in  airport  vehicles, 
lift  trucks,  hybrid  vehicles,  and  as  standby  energy  storage  and  backup  power  for  cmigiuter  systems 
and  telephone  switching  equipment  Argonne  is  wraking  closely  with  SAFT  America  to 
aanmercialize  die  battery. 

Hydro  (^ebec  is  developing  secondary  lithium  polymer  cells  for  a  two  kilowatt  hour 
lithium  polymer  battery  with  the  ultimate  goal  of  developing  a  40  kilowatt  hour  battery  for  electric 
vehicles.  In  December  1993,  Hydro  (Quebec,  in  conjunction  with  3M  Corporation,  was  awarded  a 
$32  million  ccmtract  fixnn  the  U.S.  ABC  to  develc^  and  demcmstrate  a  127  watt  hour/kilogram 
lidtium  polymer  battery. 

Delco  Remy,  in  ccmjunction  with  Valence  Technology,  Inc.,  is  developing  high-energy 
liduum  polymer  batteries  for  electric  vehicles. 
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8.3.10.4 


Utilities  RAD 


Power  Conversion  Inc.  is  develq)ing  a  long  shelf  life  utility  meter  battery  that  is  activated 
for  short,  few  second  intervals  every  month  to  olxain  a  reading  of  the  usage  for  that  period.  They 
are  exploring  the  possibility  of  attaching  a  lithium  passive  layer  to  die  battery  to  achieve  this. 

Tables  8-8  through  8-12  list  Nordi  American  and  foreign  players  in  the  lithium  R&D  effort. 


Advanced  Energy 
Technologies,  Inc. 

EIC  Laboratories 

Panasonic 

Advanced  Technology  and 
Research,  Lie. 

Electrochemica  Corporation 

PolyPlus  Battery  Company 

AUiant  Techsystems  Inc. 

Electrofuel 

Power  Oxiversion  Inc. 

Applied  Power  International 

Ray-O-Vac 

ARGO  Medical 

SAFT- America 

Aidiur  D.  Little,  Inc. 

GE  Neutron  Devices 

Sony 

ATT  Bell  Labocaiories 

General  Dynamics  Space 
Systems 

Sharp 

Aurora  Flight  Sciences 
Corporatioa 

General  Motors 

SRI  International 

Ballard 

Gould  Lx;. 

Tedinodiem 

Battery  Enguieering  Inc. 

HED  Battery  Corpmation 

L  i  1  n:s-i  ».’■  >:-ay  t; ,  ■:.]  m  ■ 

Bdlcore 

HEDB  Corptmuion 

Ultralife  TeduKdogies 

Bell  Labs 

Hoppecke  Battoy  Systems, 

Inc. 

U.S.  Advanced  Battery 
Consordom 

Catalyst  Research 

Johnson  Controls 

UCAR  CarcHi  Company 

Coastal  Systems  Statitm 

Lidiium  &Mrgy  Associates 

Valence  Teduxdogy 

Covalent  Associates 

Martin  Marietta  Aerospace 

Westinghouse  Electric 
Corporation 

Table  8-8.  North  American  Industry  Lithium  R&D  Players 
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Table  8>9.  North  American  Laboratory  and  University  Lithium  R&D  Players 
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National  Research  Council, 

Canada 

UniversiQr  of  Texas 

Naval  Suriaoe  Warrioe  Center 

-Qane 

University  of  Texas  at  Austin 

Naval  Stntoce  Wariare  Center 

-White  Oak 

University  of  Waterioo 

Naval  WeaptMis  Support 
Center 

University  of  Ottawa 

Oak  Ridee  National 


Sandia  National  Labotaiories 


U.S.  Air  Force  Space  and 
MissQe  Center 


U.S.  Army  EIDL 


Wright  Patterson  Air  Force 
Base 


Table  8-9»  Cont  North  American  Laboratory  and  University  Lithium  R&D 

Players 
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Israel  Defense  Forces  Power 
Sources  Divisicm 


SEDEMA 


rechargeable  lithium  batteries 


lithium  ion  secondary,  lithium 
thionyl  chloride 


lithium  manganese  dioxide 
batteries 


lithium  iron  sulfides 


lithium  aluminum  iron  sulfide 
secondary  battery  for 
submarines 


lithium  iron  sulfides 


lidiium  aluminum  iron  sulfide 
secondary  battery  fc«- 
submarines 


lidiium  polymer  secondary, 
lithium  dieimal 


lithium  primary 
batteries 


lithium  ion 


ble  lithium  cells 


Switzerland 
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Jquui 

Central  Glass  Coo^jany  Ltd. 

lithium  kxi  secondaiy,  lidiium 
pdyma,  and  lidiium 

iron  sulfide 

Sony 

Toshiba  Asahi  Chemical  Joint 

Venture 

lithium  ion  cells 

Hitachi 

Sanyo 

Toshiba 

Asahi 

Yuasa 

Matsushita 

Mitsubishi  Petrochemical 

Company 

lithium  ion  technology 

France 

SAFT 

lidiium  ion  secondaiy,  lidiium 
polymer,  lithium  thionyl 
chloride,  lithium  thermal, 

lidiium  vanadium  pentoxide 

Alcaid 

INSA 

Table  8-10,  Cont.  Foreign  Industry  Lithium  R&D  Players 


I  Ipsss'tsfc- 

|  \  V  ''i'K 

I  X 


Bulgaria 


Czech  Republic 


Denmark 


Bulgarian  Academy  of  Sciences 


Beijing  Insdnite  of  Spacecraft  System 
Engineering 


Changchun  Institute  of  Applied  Chemis 


Chinese  Academy  of  Sciences 


Tianjin  Institute  of  Power  Sources 


Institute  of  Physics,  Academia  Sinica 


Tianjin  University,  Department  of  Applied 
Chemis 


Wuhan  Universi 


Technical  University  of  Denmark 


CNRS  •  FranceCzech  Academy  of  Sciences 


SORAPEC 


Universite  Bordeaux 


Dresden  University  of  Technology,  Institute  of 
Physical  Chemistry  and  Electrochemistry 


Emst-Moritz-Amdt  University  of  Greifswald 


Fraunhofer-lnstitute  for  Chemical  Technolo 


Merseburg  University,  Institute  of 
Macrcmx>lecular  Chemis 


University  of  Munster 


Aristotelian  Universi 


University  of  Ulm 


Bar-Dan 


Tel  Aviv  Universi 


Universita  di  Bologna 


Table  8-11.  Foreign  Universities  Lithium  R&D  Players 
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Netherlands 


Scotland 


Slovenia 


Delft  University  of  Technolo 


Central  Laboratory  of  Batteries  and  Cells 


Technical  University  of  Poznan,  Institute  of 
Qiemistry  and  Apolied  Electrochemistry 


University  of  Warsaw 


Warsaw  University  of  Technolo 


A.N.  Frumldn  Institute  of  Electrochemistry  of 
die  Russian  Academy  of  Sciences 


Frumldn  Institute  of  Electrochemi 


Institute  of  Chemical  Eneineerin 


Institute  of  Ti 


Russian  Academy  of  Sciences 


Saratov  State  Universi 


University  of  St  Andrews 


National  Institute  of  Chemis 


National  Central  Universi 


Chung  Shan  Institute  of  Science  and 
Technolo 


Table  8>11,  Cont.  Foreign  Universities  Lithium  R&D  Players 


Australia 


Australian  Army  &igineeiing  Devekipinent 
Establishment 


France 


Laboratoire  dlonique  et  dElectrochimie  du 
Solide,  Institute  National  Polytechnique  de 
Grenolde 


Laboratoire  de  Chimie  du  Solide  Mineral 


Table  8-12.  Foreign  Laboratories  Lithium  R&D  Players 


8.4  Mercury 

This  chemistry  will  disappear  soon  from  the  domestic  marketplace.  As  legacy  systems  and 
old  Navy  mines  are  replaced,  the  mercury  batteries  that  support  these  systems  also  will  be 
replaced.  There  is  only  one  North  American  producer  of  mercury  batteries,  Alexander  Batteries. 
Alexander  Batteries  is  concerned  about  future  defense  procurements  of  mercury  batteries  and  has 
expiated  the  possibility  of  becoming  a  government-owned,  contractor-operated  facility.  The  only 
other  mercury  battery  producer  is  located  in  Hong  Kong. 

8.4.1  Army 

The  Army  believes  that  mercury  is  no  longer  suitable  for  Army  requirements.  Mercury 
batteries  are  envirorunentally  expensive,  both  in  their  manufacture  and  disposal,  and  have 
perfOTmed  poorly  in  terms  of  low  temperature  operation,  shelf  life,  and  weight  Among  the 
alternatives  being  considered  to  replace  mercury  batteries  are  alkaline  and  lithium  manganese 
dioxide  chemistries. 

8.4.2  Navy 

The  Navy  still  installs  mercury  batteries  in  mines  but  is  attempting  to  replace  most  mercury 
batteries  in  its  fleet  with  suitable  substitutes  due  to  environmental  considerations  and  the  dwindling 
availability  of  this  battery  type  in  the  markeq)Iace. 
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8.5  Silver  Systems 


Efforts  are  underway  to  improve  the  properties  of  secondary  silver  zinc  batteries  and  allow 
longer  service  life  and  higher  energy  density.  The  silver  cadmium  battery  is  experiencing  no 
technological  advancement  The  silver  cadmium  system,  which  is  used  primarily  in  satellites, 
torpedoes,  and  portable  power  tools,  will  probably  be  phased  out  in  most  applicaticHis  in  the  future 
due  to  environmental  considerations. 

8.5.1  Navy 

The  Navy  is  studying  ways  to  develt^  an  inqmived  rechu'geable  silver  zinc  battery.  The 
silver  oxide/zinc  battery  is  the  Navy's  power  supply  for  several  underwater  vehicles  including 
Swimmer  Delivery  Vehicles,  Deep  Submergence  Rescue  Vehicles,  deep  sea  vehicles,  e}q>lorat(xy 
vehicles,  unmanned  underwater  vehicles,  torpedoes,  and  torpedo  targets.  These  batteries  offer  the 
highest  energy  density  of  any  commercially  available,  hi^  power  rechargeable  battery.  However, 
mey  have  limited  capacity,  deterimate  after  3  to  18  months,  and  can  only  be  recharged  40  times. 
The  Navy  needs  a  battery  that  offers  a  higher  energy  density  to  power  longer  run  times  of  future 
vehicles.  They  are  exploring  ways  to  increase  the  energy  density  by  SO  percent  and  extend  cell  life 
by  50  percent  Yardney  has  been  awarded  apinoximaiely  $500,000  fitom  Naval  Surface  Warfare 
Center  -  White  Oak  for  a  two  year  program  to  change  the  electrolyte  and  separator  to  improve  the 
properties  of  secondary  silver  zinc  batteries.  Inqnovanents  sought  include  cycle  life,  wet  life,  and 
energy  density.  Also  involved  in  contractual  effents  in  this  area  are  BST,  Eagle  Richer,  and 
Whittaker  Power  Sources,  though  Whittaker’s  focus  has  been  primarily  on  missile  batteries. 

8.5.2  NASA 

NASA's  Jet  Propulsion  Laboratory  is  currently  examining  a  40  ampere  hour  silver  zinc 
secondary  battery  to  power  die  Mars  Pathfinder.  This  battery  will  need  to  sustain  cruise  power  and 
operate  for  30  days  on  the  Martian  surface.  The  Mars  Pathfinder  is  scheduled  for  launch  in  1996. 

8.5.3  Commercial 

g.5.3.1  Medical 

Silver  zinc  batteries  are  being  studied  for  their  potential  in  such  medical  systems  as 
advanced  CPR  units.  Commercial  producers  feel  that  the  safety,  reliability,  and  high  power  of  the 
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silver  zinc  baneries  justify  the  cost  premium  in  these  specialized  applications.  Table  8-13  lists 
North  American  industry,  laboratories,  and  universities  involved  in  silver  battery  R&D  efforts. 


■Cs*-\',<^s'.N\*.\\s*^v.%*.'...*.*.',v,v.‘,s'.s*.s\w,wiww^,*»v.'!v,ai'-v,^vw*,sv,vs.vX\^Cv2^C^  te.-  _ _  ^  \  vs  • 


BST  Systems,  Inc. 

Argonne  National  Laboratory 

Auburn  University 

Eagle  Picher  Industries  Inc. 

Brookhaven  National  Lab 

Harvard 

Hectrochemica 

Charles  Stark  Draper  Lab 

New  Mexico  State  University 

Energy  Research  CorporaticMi 

George  C.  Mar^udl  Space 
Flight  Center 

Pennsylvania  State  University 

HHKiMSIHI 

■  »:  l'.'/ l^iirH  ;H  1  r: 

Rutgers 

McDonnell  Douglas  Space 
Systems  Corporation 

NASA  Goddard  Space  Flight 
Colter 

University  of  Alabama 

SAFT-America 

NASA  Jet  Prqiulsion 
Laboratory 

University  of  Houston 

Westin^ouse  Electric  Corp. 

NASA  Johnson  Space  Center 

Whittaker  Power  Storage 
Systems 

NASA  Lewis  Research  Center 

Yardney  Techitical  Products 
Inc. 

NASA  Marshall  Space  Flight 
Center 

Naval  Surface  Warfare  Center 

(NSWC),  Crane 

Sandia  National  Laboratcxy 

U.S.  Army  ETDL 

Wright  Patterson  Air  Force 
Base,  Wright  Laboratory 

Table  8-13.  North  American  Silver  Battery  R&D  Players 


8.6  Lead  Acid 

The  development  of  sealed  valve  regulated  lead  acid  (VRLA)  batteries  has  been  a  decisive 
improvement  on  this  century  old  technology.  Most  lead  acid  battery  applications  today  enqiloy  the 
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sealed  version  of  this  battery.  In  the  25  years  since  their  introduction,  VRLA  batteries  have 
become  either  die  only  type  or  most  dominant  type  of  lead  acid  battery  used  in  many  applications. 
These  batteries,  under  normal  conditions,  operate  throughout  their  lives  without  water  addition. 
The  inherent  design  of  VRLA  batteries  allows  different  orientations  of  the  battery  without  fear  of 
electrolyte  spillage.  For  example,  large  industrial  batteries  can  be  installed  on  dieir  sides  utilizing 
40%  less  floor  space  and  volume. 

Areas  of  improvement  are  increasing  VRLA  batteries'  energy  density,  recharge  time,  and 
cycle  life  in  advanced  designs.  R&D  activities  for  military  applicaticms  focus  on  the  following 
areas:  improved  low  temperature  performance,  eqiedally  recharge  time;  increased  vibration 
resistance;  increased  shelf  life/storage  capabiliQr;  high  tenqierature  performance  and  charging 
capabili^  (up  to  75*  C);  and  reduced  self  discharge  at  temperatures  up  to  75*  C  Strides  in  these 
areas  are  driven  by  the  battery  industry's  goal  to  cqntalize  on  two  emerging  markets:  Electric 
Vehicles  (EV's)  and  Utility  Energy  Storage  Applications. 

8.6.1  Air  Force 

The  Air  Force  has  contracted  with  Johnson  Controls,  Inc.  to  design,  develop,  and 
demonstrate  a  Inpolar  lead  acid  battery  system  cotrqiatible  with  the  270V  aircraft  electrical  system 
requirements.  This  program  is  scheduled  to  be  completed  in  Sqitember  of  1995. 

8.6.2  Navy 

The  Navy  currently  is  examining  lead  acid  batteries  and  lead  fluarobraic  acid  batteries  for 
ways  to  attend  useful  life,  decrease  tiie  level  of  maintenance,  and  allow  greater  standardizatirai  of 
the  batteries  which  the  Navy  uses.  Major  applicatitms  of  the  lead  acid  batteries  are  in  submarines 
and  aircraft  Fluorobotic  acid  batteries  are  used  primarily  in  projectile  fuses. 

8.6.3  Department  of  Energy  (DOE) 

The  DOE  ctmsiders  die  lead  acid  chemistry  a  likely  battery  for  electric  vehicles  in  the  near 
term  and  research  is  continuing  to  ad^t  diese  systems. 
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8.6.4  Ballistic  Missile  Defense  Organization  (BMDO) 

Jdinscm  Controls  Inc.  has  the  largest  lead  acid  research  facility  in  the  U.S.  They  have 
developed  an  advanced  lead  acid  bipolar  battery  for  BMDO  that  produces  bursts  of  high  power  for 
a  few  seconds  and  recharges  up  to  100  times.  BMDO  sponsored  this  research  for  advanced 
railgun  and  laser  applications.  A  new  generation  of  their  bipolar  devices  is  eiqtected  in  September 
of  1994. 

8.6.5  Industry 

8.6.5. 1  Electric  Vehicles 

The  Advanced  Lead  Acid  Battery  Consortium  believes  diat  lead  acid  batteries  are  the  best 
alternative  for  powering  near  term  electric  vducks.  Table  8-14  below  lists  lead  acid  battoies  used 
in  electric  vehicles  R&D  programs. 


Fiat's  Panda  Elettra 

uses  lead  acid  batteries  whidi  can  be 
replaced  with  nickel  cadmium  or  sodium 
sulfur  battery  packs 

Hat's  Gnquecento  Elettra 

uses  lead  acid  batteries  for  a  70  km  range 
artdnidcel  cadmium  batteries  for  die  100 

km  range 

Fiat's  and  Peugeot-Cittoen's  Ducato  EUetra 

uses  lead  add  batteries 

CATs  QeanAir  LA  301 

uses  lead  add  batteries 

General  Motors  Impact 

uses  lead  add  batteries 

Conceptor’s  G-Van 

uses  lead  add  batteries 

Daihatsu'sHi-Jet 

uses  lead  add  batteries 

SEER'S  Volta 

uses  lead  add  batteries 

uses  lead  add  batteries 

uses  lead  add  batteries 

Mitsubishi's  Libero 

uses  lead  acid  or  nidcel  cadmium  batteries 

Elcafs  Elcat 

uses  lead  add  batteries 

Table  8-14.  Lead  Acid  Batteries  Used  in  Electric  Vehicles 
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Electronic  Power  TechiKdogy  Inc.  has  developed  die  technology  to  significandy  shorten  die 
rediaiging  tune  for  lead-add  batteries  used  in  an  electric  vdiicle. 

8.6.5.2  Power  Tools 

Jdmson  Controls'  new  lead  acid  bipolar  battery  also  could  power  spot  welders.  Bolder 
Technologies  CoqKuation  is  concentrating  on  a  Thin  Metal  Film  advanced  lead  add  rechargeable 
battery  for  use  in  power  tools,  uninterruptible  power  systems,  consumer  electronics,  and  other 
applications  that  require  high  power,  fast  recharge,  stiff  voltage,  and  exceptional  high-rate 
capadty.  Portable  Energy  Products  also  has  develqied  advanced  rechargeable  sealed  lead  acid 
Thin  line  Energy  cells. 

Tables  8-15,  8-16,  8-17,  and  8-18  list  Nmth  American  and  foreign  players  in  lead  acid 
battery  R&D  efforts. 


Argonne  National  Laboratory 

Auburn  University 

Idaho  National  Engineering 
Labnatocy 

Brigham  Young  Univenti^ 

Jet  Fnqiulsion  Laboratory, 
NASA 

Dartmoutfi  Univeraty 

Naval  Surface  Warfare  Center, 

Crane 

Univasity  of  Idaho 

Sandia  National  Laboratory 

Northwestern  University 

Wright  Patterson  Air  Force 
Base  Laboratory 

Rutgers  University 

BeUcore  Communications 

Reseatdi 

Univeraty  of  Alabama 

Unrvetsity  of  Michigan 

Stanford  University 

Texas  A&M  University 

University  of  Wisconsin 

Table  8-15.  North  American  Laboratory  and  University  Lead  Add  R&D  Players 


115 


Table  8*16.  North  American  Industry  Lead  Acid  R&D  Players 


Australia 

Pacific  Dunlop,  Ltd. 

England 

CMP  Batteries,  Ltd. 

ERATechnol 

Eurc^ 

Advanced  Lead  Acid 

Battery 

France 

Conq«gnie 

Eunq)eenne 

D/Accumulatcns 

Gennany 

VARTA  Batteiie  AG 

Table  8«17.  Foreign  Industry  Lead  Acid  R&D  Players 
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8.7  Nickel  Systems 

R&D  efforts  are  ongoing  to  improve  the  properties  and  extend  the  life  of  nickel  cadminm 
batteries.  The  future  trend  is  to  transition  fipom  vented  nickel  cadmium  aircraft  batteries  into  sealed 
nickel  cadmium  batteries. 
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Nickel  hydrogen  batteries  have  become  the  battery  of  choice  for  applications  such  as 
commercial  «id  defense-related  satellites  in  geosynchrtnious  and  low  earth  orbits.  The  technology 
also  has  become  attractive  recently  for  use  in  ground-based  q)plications  such  as  stand-alone 
photovdtaic  systems. 

Many  battery  experts  feel  that,  in  the  long  term,  the  trend  will  be  to  move  away  from  nickel 
/raHmiiim  and  nickd  hydrogen  cells  for  many  ai^licatioos  and  toward  nickel  metal  hydride  cells.  A 
market  for  this  chemistry  is  evolving  in  the  *"**11  portable  electronics  industry.  However,  these 
batteries  ate  not  yet  available  except  in  small  sizes  at  hi^  cost 

8.7.1  Army 

In  die  rechaigeaUe  area,  the  Army  currently  is  using  nickel  cadmium  batteries.  The  present 
version  weighs  approximately  seven  pounds  and  does  not  supply  power  for  the  desired  duratioiL 
They  are  loddng  to  adopt  a  commercially  available  advanced  nickel  cadmium  or  nickel  metal 
hydride  battery  as  a  replacement  in  the  short  term  and  move  towards  a  lithium  i(»  or  polymer 
battery  in  die  long  term. 

Other  initiatives  include  phasing  out  nickel  cadmium  aircraft  batteries  and  improving 
discharge  rate  capabilities  of  the  nickel  metal  hydride  cells  for  the  tank  "silent  watch”  and 
hybrid/electric  Ani^  vehicles.  They  are  also  ccaisidering  nickel  zinc  chemistries  as  possible  future 
rediargeable  batteries. 

8.7.2  Air  Force 

The  Air  Force  prefers  nickel  cadmium  batteries  to  lead  acid  and  is  replacing  lead  acid 
batteries  in  stmie  aircraft  with  sealed  nickel  cadmium  batteries.  Eagle-Picher  is  woridng  on 
qualifying  a  sealed  nickel  cadmium  battery  fm  vented  niclml  cadmium  retrofit  on  die  B52  aircrafr. 
This  action  will  generate  a  savings  of  approximately  $3,000  per  year  per  aircraft  which  is  presently 
qient  on  airuaft  battery  maintenance.  Retrofitting  with  maintenance-free,  sealed  nickel  cadmium 
battery  systems  in  place  of  vented  niclml  cadmium  systems  is  expected  to  begin  by  the  end  of  1994 
in  F-16  fighters  and  in  the  E-8  advanced  AWACS  aircrafL  Sealed  nickel  cadmium  batteries  offer 
advantages  of  reduced  maintenance  (and  thus  reduced  tolerating  cost)  by  eliminating  the  process  of 
adding  electrolyte  to  the  battery.  The  commercial  aviation  industry  has  enqiloyed  sealed  nictel 
raHminm  batteries,  in  small  quantities,  tm  die  MD-80  and  DC-9  aircraft.  These  same  batteries  are 
expected  to  be  used  on  the  MD'90  and  the  Boeing  777  aircraft.  Eagle-Picher  Industries  in 


conjwiction  widi  ELDEC  currently  is  pursuing  research  to  develop  a  nickel  cadmium  battery  diat 
will  have  zero  maintenance  and  last  20  years.  The  scheduled  completimi  date  of  this  Air  Force 
ctmtract  is  March  of  1995. 

The  Air  Force  and  Navy  jointly  contracted  with  Battelle  to  develop  a  common  15  ampere 
hour  INS  Battery  specification  utilizing  High  Reliability  Maintenance  Free  Battery  Technology. 
I%ase  n  oi  diis  effort  involved  designing  and  building  common  (Air  Force  and  Navy)  15  anqiere- 
hour  batteries  for  flight  testing.  Both  sealed  nickd  cadmium  batteries  and  lead  acid  batteries  were 
considered  in  die  technology  and  ccKtqiarison  process.  This  initiative  is  helping  the  two  sovices 
reduce  maintenance  costs  associated  with  these  batteries 

The  use  of  nickel  cadmium  batteries  is  lilrely  to  be  affected  gready  by  die  enviraimental 
concerns  of  handling  and  disposal  of  heavy  metals.  The  Air  Foice  lodes  to  nickel  metal  hydride 
batteries  as  replaoemoits  for  nickel  gadmiiim  batteries.  Nickel  metal  hydride  batteries  offer  a  50 
percent  increase  in  energy  content  per  volume  over  nickel  cadmium  batteries,  offer  significant 
tolerating  cost  benefits  over  primary  batteries,  utilize  no  toxic  heavy  metals,  have  a  commercial 
market,  and  are  a  relatively  safe  technology.  They  feel  that  this  technology  will  emerge  in  five 
years.  Electro  Energy,  Inc.  is  working  with  Wright-Patterson  to  develop  these  nickel  metal 
hydride  batteries  fcR*  aircraft  and  ground  power.  The  expected  compledcm  date  for  this  project  is 
September  of  1995. 

U.S.  Air  Force  Hiillips  Laboratory  is  conducting  R&D  on  the  nickel  metal  hydride 
chendstty.  Programs  include  an  LEO  Life  Test  Program,  an  LEO  pulse  Tech  Program,  and  a 
Hydrogen  Embrittlement  Investigation  nogram. 

Wright  Patterson  has  ccmtracted  with  Energy  Research  Corporatiem  to  develt^  long  cycle 
Hfe,  insoluble  zinc  electrodes  diat  will  be  utilized  in  zinc  batteries.  The  anticipated  braefits  are  hxig 
life,  high  energy  density  nickel  zinc  batteries  fen’  commercial,  military  hybrid,  and  all-electric 
vehicles,  marine  propulsion,  and  remote  site  potrer. 

8.7.3  Navy 

The  Navy  currently  is  explming  ways  to  inqnove  nickel  cadmium  systems  including 
improving  die  electrodes,  prolonging  useful  life,  and  achieving  higher  energy  densities.  These 
batteries  are  used  in  submarines  and  other  vehicles.  They  also  are  investigating  the  potential  of 
nickel  hydrogen  and  nickel  metal  hydride  chemistries. 
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The  Navy  SHARP  program  identified  the  problem  of  different  batteries  for  Inertial 
Navigation  System  on  large  cargo  and  special  application  aircraft  It  was  determined  that  the 
battery  used  in  the  Navy  LTN-72  and  Air  Force  Delco  Carousel  4  Inertial  Navigadmt  Systems 
(INS)  could  be  replaced  with  the  same  high  reliability,  maintenance  free,  battery  technology. 
These  batteries  currently  are  used  in  up  to  3,500  INS  aircraft,  and  tte  replacement  battery  will 
require  no  scheduled  maintenance  services  for  the  expected  five  year  service  life. 

8.7.4  NASA 

NASA's  majiv  emphasis  is  on  secondary  battery  systems  and  verifying  technologies  for 
flight  applications.  One  initiative  is  to  iirqnove  the  performance,  quality,  safety,  and  reliability  of 
secondary  battery  systems.  The  focus  at  present  is  on  nickel  cadmium  and  nickel  hydrogen 
systems  which  encompass  most  of  NASA’s  present  and  planned  secondary  battery  applications. 
Nickel  cadmium  batteries  currently  provide  the  sttvage  capability  for  the  majority  of  NASA's 
missions.  Evaluation  is  underway  of  current  technology  nickel  cadmium  cells  from  a  variety  of 
battery  producers  including  Gates,  Hughes,  SAFT,  Sanyo,  Acme,  and  Eagle  Picher.  Nickel 
hydrogen  batteries  being  tested  have  been  supplied  by  Hughes,  Eagle  Picher,  Gates,  and  Yardney. 
Stress  testing  of  packs  of  cells  representing  the  flight  lots  and  mission  simulatimi  testing  of  cells 
for  the  Mats  Observer  and  Topex  also  ate  tmgoing. 

NASA's  Jet  Prcqrulsion  Laboratory  (JPL)  currently  is  develt^ing  nickel  cadmium  cell 
battery  flight  simulation  and  stress  testing  and,  based  upon  these  principles,  a  nickel  cadmium 
petfomtance/iptedictioatiiodel. 

Nickel  hydrogen  batteries  are  the  primary  rechargeable  technology  found  in  satellites  and 
are  used  in  die  majotiQr  of  space  rq^lications  including  die  Hubble  Space  Telescqie  and  the  Intdsat 
8  communications  satellite.  Sandia  Labs  has  sptmsmed  R&D  for  developing  a  safe  and  practical 
method  of  hydrogen  retention  for  nickel  hydrogen  batteries  and  improving  the  active  anode  area. 
These  efforts  will  reduce  half  die  cost  of  nickel  hydrogra  batteries  for  tnrestrial  ^qilications. 

In  response  to  more  demanding  space  power  needs,  NASA  would  like  a  lightweight  long 
life  battery  for  its  high  power  spacecraft  and  currently  is  examining  an  improved  nickel  metal 
hydride  battery  with  inqiroved  specific  energy.  NASA  Lewis'  efforts  are  focused  on  develo|nng 
lightweight  nickel  hydrogen  batteries  and  advanced  hydrogen  oxygen  fuel  cells.  They  develqied 
die  nickel  hydrogen  battery  cells  powering  die  Hubble  Space  Telesct^  and  currendy  support  R&D 
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of  battoycdls  for  the  space  Station  Freedom  Program.  Johnson  Controls,  Inc.  is  developing  full- 
size,  aerospace  common  pressure  vessel  nickel  hydrogen  prototypes  for  use  on  GEO  and  LEO 
triplications.  Hughes  Aircraft  Conriany  is  also  investigating  a  nickel  hydrogen  battery  for  space 
power. 


JFL  currently  is  develqiing  an  electrochonical  model  of  the  nickel  cadmium  system  that 
involves  physical,  chemical,  and  electrochemical  studies  at  the  comptment  and  cell  levels.  This 
model  will  allow  accelerated  testing  of  cells  to  determine  their  quality  and  reliability  witiiout 
extnisive  life  testing  and  the  ability  to  predia  their  performance  from  a  set  of  qiaceciaft  operating 
conditions.  This  effect  is  expected  to  be  completed  by  the  end  of  FY94  and  has  involved  the 
following  phases: 

•  Phase  I  -  Lodcup  table  for  predicting  performanoeMiltage  and  efficiency  versus 
tenqierature  and  state-of-diarge 

•  Phase  n- Development  of  (Miedimensunal  electrochemical  model  to  replace  lookup 
tables  (devekqied  under  a  contract  witii  Tmeas  A&M) 

•  Phase  in  -  Expansion  to  a  two  dimensional  model,  incoqxxating  factors  to  predict 
performance  degradation. 

JPL  is  developing  with  the  University  of  South  Carolina  a  computer  model  for  nickel 
hydrogen  batteries  that  will  parallel  the  model  tiiey  developed  for  the  nictel  cadmium  system. 
They  also  are  assessing  tite  status  of  nickel  metal  hydride  techndogy  for  aeroqiace  applications 
evaluating  aerospace  cells  from  different  sources. 

The  Marshall  Space  Flight  Center  is  developing  a  nickel  hydrogen  stress  test  similar  to  the 
rest  currently  used  for  nickel  cadmium  cells.  Available  life  test  data  is  being  analyzed,  stress 
parameters  have  been  identified,  and  a  matrix  has  been  proposed.  The  Flight  Center  is  also 
addressing  establishment  of  guidelines  for  NASA  for  the  performance  of  destructive  physical 
aiudyses  for  nickel  cadmium  and  nickel  hydrogen  diemisiries. 

Among  the  advanced  battery  systems  NASA  has  under  development  are  nickel  metal 
hydride  and  sodium  nickel  chloride. 

8.7.5  Department  of  Energy  (DOE) 

In  the  near  term,  DOE  believes  battery  chemistries  likely  to  be  used  ftn-  electric  vehicles 
include  nickel  iron,  nickel  cadmium,  and  nickel  zinc.  Nickel  metal  hydride  batteries  are  projected 
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for  term  use  (mid  to  1990's)  in  electric  vehicles.  The  U.S.  Advanced  Battery 

Gonsorttom  (ABQ  has  awarded  a  number  of  contracts  dealing  with  advanced  battery  systems  for 
die  electric  vehicle.  Nickel  based  programs  include: 

•  Ovonic  Battery  Qxnpany  -  nickel  metal  hydride  battery 

•  SAIT  Atiierica- nickel  nKtal  hydride  battery 

•  tHahn  National  Engineering  Laboratory  -  testing  of  nickd  metal  hydride  and  hi^ 
tenqieratore  battery  packs. 

•  Argoone  National  Laboratoiy  *  testing  of  nickel  metal  hydride  and  high  temperature 
batteries. 

The  USABC  is  also  examining  nickel  hydride  batteries  for  electric  vehicles.  Argonne 
National  Laboratory  is  testing  advanced  nickel  metal  hydride  and  sodium  beta  hi^  teoqierature  for 
USABC. 

DC£  conducted  research  on  three  propulsion  systems.  One  system  was  a  dual  shaft  electric 
prcqiulsimi  systera  This  research  was  cmxqileted  in  1989  and  featured  a  nickel  iron  battery.  A 
sealed  lead  acid  battery  will  be  installed  for  fiirtiier  testing  at  a  later  date. 

Table  8-19  lists  electric  vehicles  that  are  cunendy  using  or  projected  to  use  nickel  cadmium 
batteries. 


Rat's  Panda  Elettra 

uses  lead  acid  batteries  whidi  can  be 
rq>laoed  with  nickri  cadmium  or  sodium 
sulfiir  battery  packs 

Volkswagen's  Chico 

uses  nickel  cadmium  batteries 

Nissan's  prototype  Ftiture  Electric  Vehicle 

uses  tuckel  cadmium  batteries 

PSA's  CTIELA 

uses  nidcel  cadmium  batteries 

Table  8-19.  Nickel  CadnUum  Batteries  in  Electric  Vehicle  R&D  Programs 
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Nissan's  CedricA31oria  electric  luxury 

uses  nickel  cadmium  batteries 

sedan 

The  Tdcyo  Electric  Power  Gingrany  and 

uses  nickel-cadmium  batteries 

Mitsubishi  Motors  Electric  Vehicles 

Peugeot's  106E 

uses  nickel  cadmium  batteries 

Table  8-19,  Cont.  Nickel  Cadmium  Batteries  in  Electric  Vehicle  R&D  Programs 


8.7.6  Ballistic  Missile  Defense  Or^nization  (BMDO) 

EIC  Laboratories  has  SBIR  funding  sponsored  by  the  BMDO  to  develop  a  nickel 
oxide/hydrogen  multilayer  t^lar  battny  for  pulsed  power.  These  batteries  will  be  used  to  operate 
directed  energy  weapons  in  space-based  missile  defense  systems. 

8.7.7  Industry 

8.7.7. 1  Aerospace 

ACME  Advanced  Battery  Systems  has  developed  new,  sealed  technology  fiber  nickel 
cadmium  batteries  for  aircraft  This  technology  is  already  in  use  on  some  of  the  McDonnell 
Douglas  MD-80  and  DC-9  commercial  transports,  the  F-16  fighters,  and  Apache  helicopters  and  is 
projected  for  use  on  the  MD-90  and  the  Boeing  777  aircraft 

Rockwell  International  is  developing  nickel  cadmium  space  vehicle  batteries  in  support  of 
the  Global  Positioning  System  program.  They  are  ctmsideting  the  nickel  metal  hydride  battery  for 
aerospace  applications  as  well. 

Eagle  Picher  presently  provides  90  percent  of  the  world's  conununications  satellite  nickel 
hydrogen  batteries.  The  company  has  developed  a  prototype  of  a  small,  low-cost  nickel  metal 
hydride  battery  in  capacities  of  20  amp-hours  or  less  with  a  common  pressure  vessel  design  for 
small  satellites  and  cmnmercial  uses  requiring  low  cost  batteries.  Eagle  Picher  also  has  introduced 
a  commercial  nickel  hydrogen  battery  for  uninterruptible  power  systems. 


■ 
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8.7.7.2 


Electnc  Vehicles 


Japan  Stonge  Battery  Cotiq)any  has  developed  a  prototype  gas  recombinate  sealed  nickel 
rarftwiiiiti  battery  with  an  improved  negative  electiode  for  possiUe  use  in  electric  vehicles.  Eagle 
Picher  is  currently  working  on  nickel  metal  hydride  batteries  for  electric  vehicles  and  embedded, 
maintenance-free  telecommunications  power  systems. 

8.7.7. 3  Electronic  Applications 

Apple  Coraputer  currendy  is  investigating  a  nickel  metal  hydride  battery  with  an  ABS 
hydrogen  retaiiung  alloy  for  its  next  notebook  conqiuter  model.  Duracell,  in  conjunction  witit 
VARTA  (Gennany)  and  Toshiba  (Japan),  is  developing  nickel  metal  hydride  techargeabte  cells  and 
packs  for,  among  other  applicaticms,  portable  products  such  as  notebook  computers,  cellular 
phones,  camcorders,  and  persmud  digital  assistants. 

Tables  8-20  dim  8-23  list  North  American  and  foreign  players  in  nickd  chemistry  R&D. 


ACME  Advanced  Battery  Systems 

EIC  Laboratory 

ATT  BeU  Laboratory 

BatteUe 

NASA-Goddard 

Eagle-Pidier  Industries 

NASA- Jet  Propulsion  Laboratory 

NASA-Lewis 

Eveready  Battery  Company 

Naval  Surftroe  Warfare  Center,  White  Oak 

Foster  Miller  Incorporated 

Naval  Surface  Warfare  Center,  Crane 

Hushes  Aircraft  Company 

Wrisht  Patterson  Air  Force  Base 

Rockwell  International 

U.S.  Army  Research  Laboratory 

Marathon  Power  Techndogies 

SAFT  America,  Inc.  (Valdosta) 

The  Aerospace  Corporaticm 

Table  8-20.  North  American  Nickel  Cadmium  R&D  Players 
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Onosat  Corporation 


le-Picher  Industries 


EIC  Laboratories 


Gates  En 


Huehes  Aircraft  Compan 


Johnson  Controls,  Inc. 


Lockheed  Missiles  and  Space 
Com 


Naval  Weapons  Support 
Center 


NASA  Lewis 


NASA  Marshall 


U.S.  Air  Force  Phillips  Lab 


Crowder  College 


Texas  A&M  Universi 


Table  8-21.  North  American  Nickel  Hydrogen  R&D  Players 


uter 

immm 

Universi 

Comsat  Corporation 


£)uracell 


Eagle-Picher  Industries 


Electro-Energy,  Inc. 


Idaho  National 


NASA  Johnson  Space  Center 


NASA  Lewis  Research  Center 


Table  8<23.  Foreign  Nickel  Metal  Hydride  R&D  Players 


8.8  Magnesium 

Hus  chemistry  is  not  undergoing  any  major  technological  changes.  Military  manufacturing 
of  this  battery  is  primarily  for  the  Navy  CAPTOR  mine.  The  laoduction  of  this  battery  uses  a  very 
antiquated  low  tech  process  and  is  labor  intensive.  This  chemistry  is  very  similar  to  the 
commercial  alkaline  chemistry  and  most  likely  will  be  replaced  in  the  future  by  longer  lasting 
primary  systems. 

8.8.1  Army 

The  Army  uses  a  commercially  available  version  aS  diis  chemistry  that  is  mass  produced  by 
Rayovac.  The  Army  uses  the  battery  in  their  manportable  equipment  for  training  exercises,  but  the 
batteries  have  temperature  range  lindtatitMis. 

Faced  with  budget  cuts,  the  Army  is  interested  in  reducing  battery  training  costs.  They 
contracted  with  Rayovac  to  develop  prototype  BA  4590  magnesium  manganese  dioxide  batteries 
incorporating  barium  chromates  as  possible  replacements  for  the  BA  5590  lithium  battery.  Overall, 
the  prototype  did  not  perform  well  at  extreme  conditions.  The  battery  dimensions  were  not  stable. 


and  the  extonal  temperatures  exceeded  45  degrees  Celsius  at  certain  ccmdititHis.  The  lithium  BA- 
S59(VU  performance  was  far  superior.  SINGGARS  simulation  tests  showed  that  only  at  elevated 
teiiq)eratures  are  the  magnesium  BA-4S90  batteries  cost  effective  versus  lithium  BA  SS90AJ- 
Rayovac  will  deliver  die  last  prototypes  to  CECOM/ARL  in  December  of  1994.  CECOM/ARL  will 
then  test  these  for  the  next  year  or  so,  but  the  technology  is  not  considered  feasible.  An  additicmal 
consideration  for  not  using  this  battery  chemistry  is  that  the  EPA  has  become  concerned  with  the 
environmental  inqiact  of  the  chromates  used  in  these  cells. 

8.8.2  Navy 

The  Navy  is  interested  in  prototype  and  advanced  develoinnent  of  its  magnesium  sea  water 
systems,  particularly  with  respect  to  the  magnesium  alver  chloride  chemistry.  These  systons  are 
used  for  sonobuoys,  beacons,  countermeasures,  and  some  weiqwns.  Most  sea  water  batteries 
have  good  dry  storage  life  but  relatively  short  wet  lives  due  to  corrosion.  Chemtech  Systems,  Inc. 
has  Navy  sponsored  SBIR  funding  to  develop  a  noagnesium  dioxide  ncm-aqueous  battery  for 
mines.  At  this  time  the  technology  has  been  demonstrated  and  appears  feasible,  but  no  significant 
funding  is  being  inserted  into  the  program. 


Tables  8-24  and  8-25  list  North  American  and  foreign  players  in  magnesium  chemistry 

R&D. 


Table  8-24.  North  American  Magnesium  R&D  IMayers 
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Table  8*25.  Foreign  Magnesium  R&D  Players 


8.9  Zinc  systems 

Zinc  battery  systems  do  not  satisfy  a  large  number  of  plications;  rather  they  have  existed 
as  a  lower  cost  alternative  battery  with  acceptable  performance.  Some  chemical  configuratirMis  are 
being  phased  out  while  other  configurations  are  being  cmisidered  for  future  plications. 

8.9.1  Army 

The  Army  is  phasing  out  their  carbon  zinc  batteries.  Problems  associated  widi  carbon  zinc 
batteries  are  poor  shelf  life,  low  edacity,  and  pocn*  low  temperature  performance.  Some  carbon 
zinc  cells  ate  no  Itxiger  produced.  The  Army  is  examining  the  potential  for  replacing  these  batteries 
with  alkaline  batteries.  These  replacements  would  have  not  only  inpoved  capacity  but  also  the 
same  envelope  and  cormector  requirements. 

8.9.2  Navy 

The  Navy  currently  is  studying  off-the-shelf,  commercially  available  zinc  alkaline 
manganese  dioxide  batteries  as  potential  batteries  for  future  use  in  applications  where  availability 
and  cost  are  important  and  "reasonable"  performance  is  needed.  The  cell  would  be  a  commercially 
available  product;  however,  it  would  be  packaged  uniquely  for  the  Navy's  requirements.  The 
Naval  Surface  Warfare  Center,  Crane  and  White  Oak  Divisions,  are  conducting  product 
evaluations  of  cells  of  this  chemistry. 


The  DOE  considers  miic  bromine  and  nickel  zinc  chemistries  as  near  term  contenders  for 
electric  vehicle  batteries.  Significant  advances  in  Zn/NiOOH  cell  technology  have  been  made,  and 
scale-upAechnology  transfer  is  underway.  Westinghouse  Electric  Corporation  is  supporting  DOE 
in  advancing  zinc  air  technology  by  developing  a  prototype  design  of  an  electric  vehicle  battery  and 
fabricating  battery  modules  for  pnxtf-af-ccmoept  evaluations. 

8.10  Aluminum-Air 

The  aiiiminiim  air  chemistry  currently  has  few  military  applications.  It  is  used  primarily  to 
power  propulsion  of  iinmantifd,  underwater  vehicles.  The  Canadian  military  is  the  only  military 
buyer  of  these  batteries.  Commercial  ^tplicadcms  for  non*rechargeable  aluminum  air  batteries  are 
telecommunications,  standby,  and  emergency  power. 

8.10.1  Industry 

Alupower,  a  Canadian  firm  that  concoitrates  on  aluminum  air  batteries,  is  developing  an 
aluminum-based  battery  for  unmanned,  underwater  vdiicles.  The  battery  wi'd  be  used  to  power 
propulsion  and  navigation.  Customers  include  Canadian  DND,  ISTC,  and  MNR;  the  Ontario 
Ministry  of  Environment  and  Energy;  ARPA;  and  commercial  customers  such  as  Ontario  Hydro, 
Bell  Caiuida,  AT&T,  British  and  French  Telecom,  Roiault,  and  Nissan. 

8.11  Sodium/Sulfur  Batteries 

Both  NASA  and  the  Air  Force  are  loddng  to  transition  to  the  sodium  sulfur  chemistry  as 
their  next  generation  battery  for  space  and  satdliie  qTplications.  Industry  currently  is  considering 
its  potential  far  electric  vehicles  and  stationary  energy  storage  at  electric  utilities.  This  chemistry  is 
now  in  the  test  and  evaluation  stage  of  development  Qnnmercial  production  is  projected  for  the 
late  1990s. 

8.11.1  Air  Force 

Wright  Patterson  Air  Force  Aeronautical  Laboratory  is  researching  the  sodium  sulfur 
chemistry  as  a  possible  satellite  battery.  Thermacore,  Inc.  has  an  Air  Force  sponsmed,  SBIR 
fiinded  research  contract  to  determine  interchangeable  variable  conductance  heat  pipes  for  sodium 


sulfur  batteries.  These  batteries  are  being  assessed  as  candidates  for  energy  storage  in  satellites. 
Eagle  Kcher  also  is  under  contract  to  design,  devdop,  fabricate,  and  test  sodium  sulfur  cells  for 
LEO  applications. 

8.11.2  DOE 

DOE  considers  sodium  sulfur  and  sodium  metal  chloride  chemistries  as  potential 
intermediate  (mid  to  late  1990s)  batteries  for  the  dectric  vehicle.  DOE  is  conducting  research  on 
three  propulsion  systems.  One  of  these  systems,  demonstrated  in  1990,  is  an  advanced  angle 
shaft  AC  system  and  featured  a  sodium  sulfur  battery.  The  USABC  has  provided  Silent  Power 
with  $12.1  millicm  in  funding  to  develt^  furth^  a  sodium  sulfur  battery  for  the  electric  vehicle. 
Table  8-26  lists  sodium  sulfur  batteries  currently  used  or  projected  for  use  in  etectiic  vdiicle  R&D 
programs. 


_ ^ _ 

Fiat's  Panda  Elettra 

uses  lead  acid  batteries  diat  can  be  rq>laoed 
wid)  nickel  cadmium  or  sodium  sulfur 

BMW’s  El 

uses  sodium-sulfur  batteries 

Fold  Minivan 

uses  sodium  sulfur  batteries 

Ford's  EcoStar 

uses  sodium  sulfur  batteries 

U.S.DOEETX-n 

uses  sodium  sulfur  batteries 

Table  8-26.  Sodium  Sulfur  Batteries  in  Electric  Vehide  R&D  Programs 


8.11.3  NASA 

Phillips  Laboratory  has  sodium  sulfur  programs  for  the  GEO  Battery  FUght  Test  ftogram 
and  a  Ifot  Launch  Evaluation  program. 

Tables  8-27  and  8-28  list  North  American  and  foreign  players  in  the  sodium  sulfur  batteries 
R&D  effort 
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ABB  Advanced  Battery 
Systems  -  Canada 


Beta  Pbwer  Inc. 


Aigonne  NaticMial 
Laborat 


Idaho  National  Engineering 
Laboratory 


Lawrence  Berkeley 
Laboratory 


National  Renewable  Energy 
La 


Illinois  Institute  of 
Technol 


Stanford  University 


Sandia  National  Laborai 


Wright  Patterson  Air  Force 
Aercmautical 


University  of  Tennessee 


University  of  Utah 


University  of  Wisconsin 


Pol 


Crramatfic 


Electrotek  Concepts  Inc. 


Hushes  Aircraft 


Powerplex  Technologies 


SAIC 


SRI  International 


Silent  Power 


Thermacore  Inc. 


U.S.  Advanced  Battery 
ConstRtium 


Table  8*27.  North  American  Sodium  Sulfur  R&D  Players 


sj;;  *  y  .-A  ft?  t?”  >  Vx 


Chloride  Silent  Power  Limited 


ASEA  Brown  Boveri  AG 


Hitachi 


Yuasa 


Nastech 


Table  8*28.  Foreign  Industry  Sodium  Sulfur  R&D  Players 


8.12  Technology  Trends  Summary 


Rgure  8-1  illustrates  a  summaty  of  technology  trends  for  batteiy  chemistiies. 


MAGNESIUM 


LITHIUM 


MERCURY 


THERMAL 


NICKEL 

CADMIUM 


SILVER 

ZINC 


LEAD 

ACID 


SILVER 

CADMIUM 


Figure  8*1.  Battery  Technology  Trends  Summary 


8.13  Other  Research 
8.13.1  Army 

Other  Army  research  programs  involve  fuel  cells  and  alttmative  power  sources.  Fot  fuel 
cells  the  Aimy  is  interested  in  conqnict  systems  for  manpmtable  devices  like  die  soldier  system  and 
silent  diesel  sources  for  systems  such  as  the  tank  silent  watch  and  ftn*  field  power  generatiem. 
Thermophotovoltaic  power  generation  is  an  alternative  power  source  diat  die  anny  is  researching. 
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In  the  next  generation  of  radios,  the  Army  would  like  electrcmics  that  can  determine  the 
charge  left  in  the  radio,  thereby  alleviating  the  need  to  remove  the  batteiy  and  chedc  die  charge  widi 
a  tester.  Two  possibilities  have  been  identified  for  a  state-of-charge  technology  internal  to  die 
battery:  a  fuel  gauge  system  (similar  to  the  external  meter  TS-4403A)  and  a  go/no  go  light  systoiL 
Both  require  additional  circuitry  in  the  battery,  need  to  be  conqiatible  with  state-of-charge 
technology  internal  to  the  end  item,  and  would  need  to  be  proven  cost  effective  compared  to 
external  meter  usage. 

Another  alternative  the  Army  Research  Lalxxatoiy  (ARL)  is  cemsidering  a  state-of-charge 
technology  internal  to  the  end  item.  ARL  would  like  to  see  this  technology  implemented  by  the 
year  2(XX>f  and  feel  this  design  will  prove  mo^  cost  effective  and  require  zero  effort  ftom  the  user. 
Two  systems  are  being  examined:  a  fuel  gauge  and  a  clock.  An  internal  meter  may  require 
additional  circuitry  in  the  battery.  The  SINOGARS  system  has  the  only  fielded  intonal  technology 
todate.  It  uses  a  clock  to rou^y  measure  batteiy  use.  PQ  has  a  CRADA  with  ARL  to  develop  a 
Universal  Battery  Mmitor. 

8.13.2  Air  Force 

There  is  a  major  emphasis  within  the  Air  Fmce  to  standardize  the  batteries  diey  use. 

8.13.3  Navy 

The  Naval  Surface  Warfare  Onter  -  Crane  is  develtqnng  a  database  of  battoy  information 
to  help  system  designers  find  information  on  iqipropriate  batteries  that  will  fulfill  their 
requirements.  This  will  help  to  evolve  standard  families  of  battery  cells  and  to  stem  the 
proliferation  of  system  unique  batteries.  They  currently  arr  ieveloping  smne  battery  military 
standards  through  the  Aviation  Battery  Group.  Hie  Navy  also  is  sponsoring  publication  of 
primary  and  reserve  battery  handbooks  and  helping  to  instruct  users  on  battery  selection  and 
sizing. 


The  Office  of  Naval  Research  (ONR)  Electrochemical  Scimees  Program  has  a  number  of 
ongoing  6.1  basic  research  programs.  One  program  is  studying  the  dynamics  and 
structure^roperty  relationships  of  electron  and  atom  transfer  at  submicron  spatial  and  subsecond 
time  resolution.  The  enqihasis  of  this  initiative  is  on  ultramicroelectrode,  ultramicroelectrode  array, 
and  proximal  probe  techniques  to  investigate  electrochemical  processes  in  smaU  dimensimis. 
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ONR  also  has  a  biocorrosion  program  to  understand  die  composition,  structure,  chemical, 
and  biochonical  interactkms  at  intuph^^ses  that  are  subject  to  microbial  induced  corrosion.  A  key 
thrust  of  dus  program  is  development  of  techniques  and  probes  to  investigate  conqilex  biochemical 
interphases  in  conjunctkm  with  materials  and  bicdogical  sciences  efforts. 

The  University  of  Minnesota  has  an  ARPA-Sponsored  University  Research  Initiative  with 
ONR  to  study  bicontinuous  emulsions  for  electrode  structure  development 

8.13.4  NASA 

R&D  initiatives  include  exploring  the  use  of  impedance  spectroscopy  as  a  tool  for 
predicting  cell  performance,  life,  and  quality.  NASA  Lewis  Research  Center  has  undertaken  this 
effort  and  evaluated  rtickel  cadmium,  nickel  hydrogen,  and  lithium  sulfur  dioxide  cells.  The 
researchers  have  found  duu  cells  of  the  same  chemistry  exhibit  characteristic  impedance  qiectra  that 
relate  to  die  manufsctuier. 

The  Lewis  Research  Center  has  undertake  die  definition  of  inqirDved  tests  diat  will  more 
closely  evaluate  separaicR’ characteristics  as  related  to  the  actual  cdl  environment  This  publication 
is  scheduled  for  con^iletioo  by  the  end  of  FY94. 

8.13.5  ARPA 

AntKher  TRP  is  develtqiing  a  high  energy  density  capacitor  f(v,  among  other  triplications, 
power  supplies.  Teaming  on  diis  effort  ate  Power  One  Corporation,  Polystore,  Lawrence 
livermoie  National  Laboratories,  Aerojet  Corporation,  and  Rockwell.  ARPA  also  has  ccmtracted 
with  Photovoltaics  regarding  research  on  solar  charging  batteries. 

8.13.6  DOE 

DOE  is  conducting  research  on  three  ptr^iulsimi  systems  for  the  electric  vehicle.  One  of 
these  systems  is  a  modular  electric  vehicle  propulsicm  system.  This  program  was  initiated  to 
develop  modular  comptxients  with  common  designs  that  would  be  adaptable  to  a  wide  range  of 
electric  vehicles.  Components  include  a  battery  and  a  battery  controller. 
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IX3G  devdoped  advaiKxd  niodeU  tithium  kM  celU  aiul  provided  a  basts  for  sc«le-iip  and 
die  design  of  diermal  managenoent  systems.  This  data  and  mediodology  were  dien  tunwd  over  to 
USABC  contractors. 

In  the  Advanced  Battery  Technology  Research  and  Develofmient  area  of  the  Chemical 
Sciences  Program  of  the  Office  of  Basic  Energy  Scioices  (BES),  woik  is  centered  on  new  batteiy 
ctm^KMients,  concqits,  and  systems  and  characterization  methodologies.  The  DOE  is  conducting 
fundamratal  studies  of  electrodes,  composite  electrode  structures,  electrolytes,  and  interfaces 
including  overcharge-overdischarge  problems,  power  capability,  and  system  cyclability. 
Characterization  methodologies  the  BES  is  studying  are  problems  of  electrode  moixdudogy, 
corrosion,  separator  electrolyte  stability,  and  stable  microelectrodes.  Other  initiatives  include 
conqiutational  chemistry,  modeling  and  simulatitHi,  property  predictitms,  phenomenological 
studies  of  reactions  and  interactions  at  critical  interfaces,  film  formation,  phase  change  effects  <» 
electrodes,  and  characterization  ofgystalline  and  amoqihous  materials. 

Much  of  tiie  fundamental  battery  research  the  DC£  BES  has  done  is  ex-situ  ditt  to  the 
conq>licated  nature  of  battery  systems  and  tiieir  associated  materials.  Several  new  techiuques  are 
emerging  dutt  permit  study  under  in-situ  omditions.  Future  DOE  work  in  this  area  will  probably 
entail  exploring  novel  battery  separators  and  the  tranq)ort  properties  of  electrode  and  electrolyte 
nuitetials  and  surface  films  and  researching  charging  circuits  associated  witii  advanced  battery 
systems. 

8.14  ManTech  Initiatives 

Ihis  section  describes  ManTech  programs  duu  die  military  services  have  qxinsoted. 

8.14.1  Army 

The  Army  is  develcqnng  a  family  of  more  reliable,  low-cost,  pellet-type  thermal  batteries 
capable  of  withstanding  the  high  spin  forces  associated  with  artillery  shells.  AnodiCT  Army 
ManTech  program  dealt  widi  improved  lead  dioxin  electit^lating  technology  to  inqirove  battery 
lifetimes  by  correcting  problems  widi  die  anodization  of  nickel  piiOT  to  lead  dioxide  plating. 


8.14.2 


Air  Force 


The  Air  Fmce  initiated  a  ManTech  effort  to  develop  a  reliable,  low-cost  manufacturing 
technology  for  space-quality  SO  ampere  hour  nickel  metal  hydride  batteries  for  use  in  LEO 
satellites.  Previous  designs  for  GEO  applications  were  not  suitable  for  LEO-type  satellites.  The 
program  resulted  in  a  production  cost  reduction  of  70  percent  at  very  low  production  rates. 
Another  Air  Force  ManTech  effort  focused  on  establishing  reliable,  low-cost  manufacturing 
methods  including  quality  assurance/quality  control  methods  for  thermal  batteries.  Eight  areas  of 
battery  ctmstruction  were  identified  where  potential  benefits  could  be  derived  from  advanced 
manufacturing  methods.  The  program  resulted  in  a  20  percent  cost  reduction  of  thermal  batteries. 
A  second  phase  of  the  program  developed  improved  processes  to  address  each  of  tire  areas 
identified. 

The  Air  Force  has  an  ongoing  ManTech  project  with  LDEC  and  Eagle  Picher  Inc.  (EPI)  in 
Colorado  Springs  to  control  the  variability  plates  in  cells,  to  determine  critical  processes,  and  to 
(^timize  production  of  sealed  nickel  cadmium  batteries.  The  project,  a  two-year  effort,  began  in 
Sqttember  of  1993  with  $1.7  million  in  funding.  Eagle  Picher  also  is  presently  qualifying  a  sealed 
itickel  cadiruum  battery  that  may  last  20  years  for  the  BS2  aircraft  If  this  battery  proves 
suocessfiil,  it  will  likely  replace  many  sealed  lead  add  battay  ^strais. 

In  another  two  year  program,  EPI  is  examining  ways  to  improve  EPFs  nuuiufacturing 
techniques  and  reduce  and  control  variability  in  die  manufacturing  process. 

8.14.3  Navy 

The  U.S.  Navy  has  completed  a  ManTech  program  to  improving  the  producibility  of 
thermal  batteries  used  in  air  strike  weqtonry.  A  critical  requirement  for  fast  reset  times  exceeded 
the  design  parameters  of  existing  batteries. 
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9.0  BATTERY  MARKETPLACE  ANALYSIS 


This  secticm  analyzes  the  battery  maite^lace  by  chemistry  considering  the  military  and 
commercial  demand  of  each  chemistry  and  the  impact  of  this  demand  on  the  future  supply  of 
military  batteries.  It  also  assesses  the  healdi  of  each  company  within  the  battery  chemistry  markets 
1^  the  following  factors;  die  military  and  cmnmercial  demands  for  a  specific  chemistry  fiom  each 
supplier,  the  cmnpany's  manufacturing  capabilities  and  posture,  the  commocial  market,  and  the 
production  trends.  It  identifies  requirements  to  establish  a  healthy  industrial  base  for  each 
chemistry.  Finally,  it  discusses  the  projected  business  climate  for  commercial  and  military  battery 
chemistries  in  the  next  five  to  ten  years.  This  discussion  addresses  convertibility  between  the 
commercial  and  military  industrial  bases  and  highlights  battery  chemistries  required  by  die  military 
that  do  not  and  may  never  have  a  viable  commercial  base. 

9.1  Thermal  Battery  Marketplace  Analysis 

The  following  analysis  examines  the  military  thermal  battery  imukeqilace;  the  commercial 
market  for  thermal  batteries  is  practically  non-existrat 

9.1.1  Military/Commercial  Demand 

The  demand  for  thennal  batteries  exists  solely  in  the  military  sector.  Work  has  been  done 
without  success  to  investigate  and  identify  commercialfindustrial  explications.  Military  applications 
are  limited  as  well.  With  the  downsizing  of  weapon  systems  such  as  missiles,  torpedoes, 
sonobuoys,  and  die  long  shelf  life  of  thermal  battoies,  denumd  for  these  batteries  has  dramatically 
decreased.  A  recent  military  R&D  develoimient  is  attenxting  to  inclement  diermal  battery  systnns 
within  a  new  line  of  sonobuoys.  These  products  have  used  lithium  sulfur  dioxide  batteries  in  the 
past;  to  date,  only  prototype  systnns  have  been  draaonstrated  with  the  thermal  battery  system. 
This  new  application,  however  will,  require  tmly  about  100,000  semobuoys  over  a  three  year 
period.  Another  new  military  ^  sli^tly  increase  demand  for  dieimal  batteries  is 

the  BAT  smart  missile.  However,  this  system  will  require  less  than  1,000  battery  systems  per 
mcxith.  Potential  emergency  power  applicatiois  for  commercial  systems  such  as  the  More  Electric 
Aircraft  (e.g.  -  where  electric  actuators  replace  hydraulic  landing  gear  systems)  may  initiate  the 
commercial  donand  for  diermal  batteries.  Present  thermal  battery  demand  is  adequately  met  by  die 
one  supplier. 
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9.1.2  Health  of  Thermal  Battery  Suppliers 

North  America  has  only  one  producer  of  diennal  batteries,  Eagle-Picher  Industries  (EPI)  in 
Joplin,  Missouri  EPI  is  a  large,  multi-ritceted  company  that  does  not  rely  heavily  on  military  sales 
in  its  battery  divisions;  however,  the  Joplin  facility  is  the  only  North  American  thermal  battery 
noanufactuiing  facility  and  is  con^letely  dependent  on  military  customers.  Even  after  a  disastrous 
fire  in  1991  which  almost  conqrletely  destroyed  dieir  thermal  battery  manufacturing  facility  and 
large  fines  for  asbestos  infracticms,  the  cooqrany  showed  a  profit  in  1993.  Figure  9-1  summarizes 
die  general  health  of  die  entire  conqiany  and  its  fimire  eiqiectations. 
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Figure  9<1.  Health  of  Thermal  Pottery  Manufacturers 


New  players  are  attempting  to  increase  dieir  presence  in  die  thermal  battery  market  Martin 
Marietta  is  leaai^  a  Depaitment  of  Energy  facility  in  Pinellas,  Fkttida  to  increase  its  manufacturing 
capability  within  their  R&D  efforts,  and  Westinghouse  Naval  Systems  Group  has  demonstrated 
limited  prototype  thermal  battery  manufacturing  cqiability  at  their  facility  in  Cleveland,  Ohio. 
Recendy,  SAFT  in  Cockeysville,  Maryland  also  has  eiqiressed  interest  in  reentering  the  thermal 
battery  marketplace  in  limited  fashion  if  demand  required  additkmal  suppliers. 

9.1.3  Establishment  of  Healthy  Commercial  Base 

Potential  commercial  applications  in  the  More  Electric  Aircraft  could  begin  the 
establishment  of  a  commercial  market  for  thermal  batteries.  S'  applications  are  identified,  existing 
or  prospective  thermal  battery  producers  will  meet  die  demand  easily. 
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9.1.4 


Projected  Business  Climate  for  Thermal  Battery  Industry 


Widiout  commercial  demand  oa:  increased  military  applications,  the  marketplace  likely  can 
support  only  one  producer.  The  thermal  market  is  stable  presently  and  postured  to  remain  stable 
and  flat  in  the  near  future.  There  is  a  potential  for  thermal  batteries  to  be  used  as  backup  power  for 
the  More  Electric  Aircraft  and  possibly  automt^iles.  As  aircraft  move  away  from  hydraulic 
systems  and  into  electric  actuators,  the  need  for  emergency  power  increases  dramatically.  Thelong 
shelf  life,  high  power,  and  short  life  span  of  diermal  batteries  are  a  perfect  fit  for  these 
iqrplications.  When  and  if  this  commercial  ^>plicati(Mi  matures  it  will  greatly  add  demand  to  die 
thermal  market 

9.1.5  Convertibility  of  Industrial  Base 

With  no  present  commercial  donand  for  thermal  batteries,  the  military  demand  defines  the 
production  base.  If  ccnnmetcial  applications  arise  for  diermal  batteries,  the  batteries  probably  will 
begin  producdon  within  a  military  manufacturing  facility. 

9.2  Lithium  Battery  Marketplace  Analysis 

The  following  analysis  considers  the  military  lithium  battery  marketplace  and  the 
commercial  lidiium  marketplace  as  it  affects  die  military  marketplace. 

9.2.1  Military/Commercial  Demand 

Lithium  batteries  are  used  primarily  in  military  applications  with  some  spin-off  into 
commercial  applications.  The  military's  need  for  high  power  and  environmentally  extreme 
opoation  has  been  met  by  lithium  batteries,  mainly  lithium  sulfur  dioxide.  Lithium  sulfur  dioxide 
batteries,  though  not  as  safe  as  household  alkalines,  are  a  reliable  power  source.  The  high  cost  of 
lithium  sulfur  dioxide  batteries  and  surplus  inventory  from  the  Gulf  War  have  prcmipted  the 
military,  mainly  CECOM,  to  coo^ilete  existing  contracts  for  diese  batteries.  Existing  OMitracts  and 
high  inventory  levels  should  satisfy  lithium  battery  needs  through  1998.  At  that  time,  when 
additional  procurements  of  batteries  are  needed  ?ECOM  hopes  that  a  mcne  cost  effective  lithium 
based  system  will  be  available.  This  battery  s^>  -  will  continue  to  be  die  lithium  sulfur  dioxide 
battery  if  its  lifecycle  costs  are  reduced,  or  it  will  be  a  replacement  chemistry  such  as  lithium 
manganese  dioxide  if  its  performance  can  be  improved  and  lifecycle  cost  can  be  kept  low.  The 
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Navy  also  uses  lithium  sulfur  dioxide  batteries  and  is  looking  to  lithium  diionyl  chloride  as  a 
possiUe  rq[)lacement  in  die  near  future. 


The  present  market  for  lithium  batteries  is  only  a  fractitm  of  the  total  portable  battery 
market  Most  of  the  battery  demand  for  consumer  portable  electrcmics  is  filled  today  by  nickel 
cadmium  batteries  and  probably  soon  by  nickel  metal  hydride.  Advances  in  electronics  and 
increases  in  portable  electionic  devices  will  create  a  demand  by  consumers  for  batteries  diat  provide 
longer  service  life.  This  demand  presents  an  qipoitunity  for  rechargeable  lidiium  systems.  These 
rechargeable  systems,  lithium  ion  and  lithium  polymer,  will  not  be  introduced  until  the  life  cycle, 
discharge  rate,  reliability,  safety,  and  ctMiqtefitive  cost  have  been  demonstrated.  The  lithium  ion 
system  is  more  likely  to  achieve  these  goals  than  the  lithium  polymer  system.  The  lithium  ion 
batteiy  already  has  reached  the  commercial  matket  via  Sony  in  support  of  Sony  camcorders. 

Commercial  demand  for  lithium  batteries  will  grow  steadily  through  the  year  2000.  Ibis 
growth  will  continue  as  secondary  lithium  batteries,  such  as  lithium  ion,  proliferate  the  market 
Existing  applications  for  photographic  equipment  and  memory  backup  constitute  most  of  the 
commercial  market  Small,  niche  applications  such  as  mine  Ughting  and  medical  equipment  add  to 
commercial  demand. 


9.2.2  Health  of  Lithium  Battery  Suppliers 

The  following  analysis  assesses  the  health  of  the  military  lithium  batteiy  suppliers  in  North 
America.  Health  is  assessed  by  considering  military  and  commercial  sales,  existing  contracts, 
present  dqrtfa  in  commercial  market,  business  ^lit  between  military  and  commercial  maricets,  and 
variety  of  products.  Yardney  Technical  Products  is  not  presently  a  miUtary  supplier  of  lithium 
batteries,  but  the  general  company  health  is  described  because  of  the  other  related  products  and 
battery  chemistries  that  it  manufactures.  Figure  9-2  sununarizes  the  general  health  of  each 
conqrany's  present  situatimi  and  its  future  expectations. 
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Figure  9*2.  Health  of  Lithium  Battery  Manufacturers 


9.2.2. 1  Ballard  Battety  Systems  Corporatira) 

Ballard  manufactures  lithium  sulfur  dioxide  batteries  for  the  U.S.  and  Canadian  military. 
During  the  Gulf  War  they  accelerated  production  and  met  increased  demand  as  required.  They 
presently  have  a  contract  with  CECOM  to  supply  lithium  sulfur  dioxide  batteries  through  1994. 
When  this  contract  ends,  Ballard  will  have  no  demand  for  its  product.  Ballard  is  working  on 
development  of  lithium  manganese  dioxide  batteries,  which  it  (and  CECOM)  hopes  will  be  a  cost 
effective  replacement  for  lithium  sulfur  dioxide  batteries.  Ballard  also  is  working  with  the  U.S. 
Air  Force  on  development  of  a  rechargeable  lithium  sulfur  dioxide  battery  for  use  as  emergency 
backup  power  in  missile  silos.  Ballard  is  working  on  lithium  ion  rechargeable  technology,  but 
both  lithium  manganese  dioxide  and  lithium  ion  batteries  have  yet  to  reach  any  level  of  regular 
production. 

Ballard's  present  situation  is  unhealthy.  They  are  in  a  niche  market  with  limited  product 
diversity.  Their  posture  is  to  remain  a  small  niche  manufacturer  and  supplier  of  limited  battery 
types.  Their  forecast  is  that  the  lithium  manganese  dioxide  battery  will  create  a  $25  to  $30  million 
a  year  business  and  they  plan  to  enter  this  market.  If  Ballard  does  not  succeed  in  entering  this 
market,  the  future  of  the  company  will  be  in  jeopardy. 
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9.2.2.2 


Battery  Engineering  Inc. 


Battery  Engineering  Inc.  (BEI)  manufactures  primary  lithium  thionyl  chloride  batteries 
mostly  for  die  drilling  industry.  BEI's  military  sales  are  confined  to  C^Ms  and  some  sales  to 
GSA.  BEI  has  no  direct  sales  to  the  DoD  or  DND.  They  have  a  well  established 
commercial/lndustrial  market  satisfying  a  niche  requirement  in  die  oil  drilling  industry  and  other 
niche  markets  such  as  batteries  for  animal  tracking  devices.  Their  lack  of  knowledge  cmiceming 
entrance  into  govemmen  .ad  their  Jiqianese  ownership  have  led  BEI  to  believe  that  they 

are  not  conadered  a  viable  siqiplier  for  the  DoD. 

With  a  lecendy  expanded  facility,  an  established  niche  mariret,  and  very  litde  dependoice 
oa  D6D/DND  customers,  BEI  feels  they  are  strong  and  have  steady  to  growing  business  for  the 
next  five  years.  The  only  catastrophe  to  BEI  would  be  a  sudden  discovery  of  huge  ml  assets.  As 
oil  becomes  a  dwindling  resource,  increased  drilling  and  exploradmi  to  fold  additional  oil  deposits 
will  cmitinue,  as  will  die  dnnand  for  BEI's  batteries.  BEI  is  in  good  to  excellent  health. 

9.2.2.3  Power  Cmiversimi  Inc. 

Power  Conversion  Inc.  (PCI)  manufactures  primary  lithium  sulfur  dioxide,  lithium 
manganese  dioxide,  and  lithium  thionyl  cbkxide  batteries  with  70%  of  their  sales  to  the  military, 
mostly  lithium  sulfur  dioxide  batteries.  PCTs  present  cmitract  with  CECOM  will  end  late  in  1996. 
PCI  does  not  foresee  any  continued  production  of  lithium  sulfur  dioxide  batteries  at  that  time. 
PQ's  lithium  thionyl  chloride  battery  sales  are  mainly  in  the  commercial  arena  for  such  things  as 
aftermaiket  sales  for  portable  computers  and  clocks.  Presently  they  are  pursuing  the  use  of  litiiium 
thionyl  chloride  batteries  in  electronic  residential  gas,  water,  and  electric  utility  meters.  The 
advantage  of  these  meters  is  that  the  meter  attendant  can  drive  by  die  residence  and  read  the  utility 
meter  electronically  without  stopping  the  vehicle.  PQ  also  is  working  on  development  of  a  lithium 
manganese  dioxide  "pouch"  battery  that  could  serve  as  die  replacmnent  for  the  military's  lithium 
sulfur  dioxide  battery.  Motmola  also  is  very  interested  in  this  battery  for  pmtable  radios  and 
pocket  pagers.  3M  has  expressed  interest  in  the  pouch  battery  to  power  medical  electronics  worn 
on  the  human  body. 

PCI  foresees  a  $40  million  per  year  market  in  foreign  countries  for  lithium  manganese 
dioxide  batteries  in  support  of  U.S.  supplied  PRC  radios.  PCI  feels  they  will  run  out  of  military 
business  before  they  can  reach  foil  scale  production  of  these  systems.  Their  new  posture  is  to 
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V  move  into  maricets  where  the  govemmatt  is  not  die  driver  or  main  customer;  diey  feel  they  need  a 

legitimate  commercial  presence  to  remain  successful,  but  this  will  take  time.  Doe  to  decreased 
military  demand  PCI  has  already  downsized  once  closing  their  Puerto  Rico  manufacturing 
facility  in  January  of  1993.  PCTs  health  is  uncertain. 

9.2.2.4  SAFT  America  (Valdese,  NQ 

SAFTs  main  product  in  lithium  batrery  technology  is  lithium  sulRv  dioxide  batteries  widi 
90%  of  sales  for  domestic  or  foreign  military  applications.  In  1993  SAFT  lost  an  $80  millitHi 
contract  with  the  Army  due  to  diminished  requirements  and  Gulf  War  surplus  of  lithium  sulfur 
dioxide  batteries.  At  that  time  SAFT  felt  they  would  not  survive  into  1994,  but  they  have  since 
received  a  contract  fitom  CECOM  to  supply  lithium  sulfur  dioxide  batteries  through  the  cad  of 
1996.  During  the  Gulf  War,  SAFT  invested  $3  million  of  their  own  money  to  ranq>  up  productXMi 
for  die  contract  with  die  Army  and  presendy  has  a  large  excess  capacity. 

SAFTs  excess  capacity,  reliance  on  a  sole  source  supplier  of  their  battery  separator 
component,  and  decreased  military  demand  have  placed  SAFT  in  a  perilous  situatitm.  Presendy, 
widi  $18.6  million  in  total  7RP  funds  through  CECXJM,  SAFT  is  pursuing  lithium  ion  technology. 
Unless  they  can  develop  new  customers  and/or  new  product  supplies,  SAFT- Valdese  may  become 
an  unhealthy  company. 

9.2.2.5  Yardney  Technical  Products 

A  major  interest  in  Yardney  was  owned  by  Whittaker  Corporation  until  1990  when 
Yardney  separated  from  Whittaker  through  a  management  buyout  Yardney  manufactures  primary 
and  secondary  silver  zinc  batteries  and  secondary  silver  cadmium  batteries  for  the  military  and 
commercial  market  Yardney  also  manufactures  lithium  thionyl  chloride  batteries  for  die 
commercial  market  In  1993  Yardney's  military  battery  sales  accounted  for  75%  of  their  total 
sales.  Of  that  75%,  silver  zinc  batteries  comprised  90%,  which  were  mosdy  secondary  silver  zinc 
systems.  Commercial  sales  of  silver  zinc  batteries  accounted  for  5%  of  Yardney's  1993  sales,  and 
the  remaining  20%  of  1993  sales  were  lidiium  thicmyl  chloride  batteries.  Presendy  Yardney  is 
operating  at  50%  c^iacity  in  their  production  facilities. 

Yardney's  main  business  is  in  silvo*  zinc  and  silver  cadmium  batteries.  Yardney  has  the 
capability  to  manufacture  nickel  hydrogen  cells  for  space  applications,  but  declining  demand  has 
pronqited  Yardney  to  cease  production  of  this  product  They  built  additional  lithium  sulfur  dioxide 

■ 


143 


battery  production  capability  to  suppcHt  the  Gulf  War  requirements  but  the  line  was  never  used  for 
military  productitHi.  When  the  war  started,  other  manufacturers  received  production  orders,  but 
Yardney  was  not  qualified  for  production  and  thus  never  began  production  of  military  lithium 
sulfur  dioxide  batteries.  Approximately  20%  of  their  present  business  is  fOT  commercial  lithium 
thionyl  chloride  batteries  for  oil  drilling  electronics  and  memory  backup  application; .  The  other 
80%  of  their  business  is  in  the  silver  battery  arena.  Yardney  feels  their  lithium  business  is  stable 
but  not  growing;  the  demand  should  be  steady  as  long  as  die  portable  electronics  market  remains 
active  or  until  tiiere  are  significant  advances  into  new  battery  chranstries. 

Yardney's  lithium  business  is  stable,  but  their  silver  battery  business  is  on  the  decline,  due 
mostly  to  decreased  military  sales.  The  conqiany  is  hewing  that  in  the  1996-1997  time  frame  their 
lithium  ion  battety  development  has  matured  enou^  to  enter  diat  new  market 

9.2.3  Establishment  of  Healthy  Commercial  Base 

Health  of  the  lithium  battery  markeqrlace  depends  on  commercialfindustrial  sales  of 
rechargeable  and  primary  batteries  for  products  such  as  consumer  portable  electirmics.  The 
mibtary  demand  in  support  of  present  and  future  systems  will  be  limited.  Manufacturers  are 
attempting  to  diversify  their  product  base  and  piace  greater  emphasis  (m  the  commocial  market 
Many  manufacturers  today  do  not  have  separate  productirar  lines  for  military  and  commercial 
batteries  and  tiiose  diat  do  will  likely  ctmvert  military  battery  lines  to  siqrport  dual  productiort 

Although  present  commercial  demand  for  lithium  batteries  is  far  less  than  military  di^nand, 
this  situation  will  change  in  the  next  few  years  as  the  military  completes  existing  contracts  for 
lithium  sulfur  dioxide  batteries.  The  maturation  of  new  lithium  primary  and  rechargeable  batteries 
will  increase  commercial  qtplications  and  demand. 

The  future  of  the  lithium  based  companies  is  to  transition  into  the  commercial  maikeqtlace 
yet  continue  to  support  the  needs  of  the  military.  Manufacturers  caimot  afford  to  dedicate  part  of 
their  facility  solely  to  production  of  military  batteries.  For  this  to  succeed  the  military  cannot 
continue  to  use  specialty  batteries  produced  in  small  batch  sizes.  Some  ctmipaiues  already  have 
begun  diversification  into  the  commercial  rxuuket,  but  otiier  coiiq)anies'  existence  is  based  cm  sales 
only  to  the  military.  The  steady  growth  of  the  portable  consumer  electronics  market  and  the 
demand  for  higher  power,  Icmger  lasting  (primary  and  secondary)  batteries  will  provide  die  military 
with  similar  batteries  from  the  commercial  base.  The  aftermarket  sector  for  replacement  lithium 
batteries  likely  will  be  demoinated  by  the  large  volume  manufacturers  such  as  Duracell,  Eveready, 


and  Rayovac.  The  companies  that  siqqply  die  militaiy  with  htfaium  battedes  do  not  have  the  capital 
or  desiie  to  become  a  volume  manufacturer  like  these  commercial  companies,  but  they  do  desire  a 
strong  commercial  presence  that  will  suppoit  their  needs. 


9.2.4  Projected  Business  Clininte  for  Lithium  Battery  Industry 

Product  diveisificadon  based  on  increased  commercial  demand  is  paramount  for  a  healthy 
lithium  battery  industry.  The  product  diversification  will  take  the  suppliers  away  from  military 
mainstay  lithium  sulfur  dioxide  batteries  and  into  other,  more  comnrercially  desirable  lidiium 
chemisuiessuchaspdmaiy  lithium  manganese  dioxide  and  secondary  lithium  ion.  The  survival  of 
the  lithium  battery  industry  may  occur  through  commercial  sales  of  primary  and  newly  developed 
secemdary  lithium  batteries  in  support  of  portable  consumer  electronics.  The  military  may  lose 
some*  lithium  suppliers  in  the  near  term,  but  not  enough  to  eliminate  competitioa:  decreasing 
dollars  and  demand  dictate  the  need  for  fewa*  suppliers.  Some  manufacturers  believe  that  the 
militaiy  will  continue  to  buy  Uthium  sulfur  dioxkfe  batteries  after  expiration  of  existing  ctmtracts. 
No  othCT  lithium  system  offers  the  favorable  prc^reities  of  power,  service  life,  and  shelf  storage  life 
like  lithium  sulfur  dioxide.  Replacement  electrochemical  systems  are  available,  or  will  be  in  the 
near  future,  to  satisfy  reduced  requirements  of  the  lithium  sulfur  dioxide  system,  but  the  question 
is  what  perfrnmance  trade-offs  are  acceptable  in  conjunction  with  battery  cost 

The  lithium  dranestic  market  is  projected  to  increase  for  both  primary  and  secondary 
batteries  through  2000.  This  growth  will  come  from  the  commercial  market  with  increased 
demand  and  sales  of  portable  electronic  devices.  Military  demand  may  no  longer  dictate  die  climate 
oi  the  lidiium  marketplace. 

9.2.5  Convertibility  of  Industrial  Base 

Most  Uthium  battery  manufacturers  do  not  have  dedicated  lines  to  produce  military 
batteries,  and  some  even  manufacture  their  commercial  batteries  in  accordance  with  mil-specs. 
Some  conqianies  have  excess  production  ciqiacity  due  to  increases  during  the  Gulf  War,  but  lu^ 
that  commercial  demand  wiU  compensate  for  the  decrease  in  militaiy  demand.  In  certain  instances 
the  transition  from  primary  to  secondary  Uthium  battery  manufacturing  (e.g.  -  lithium  sulfur 
dioxide  to  Uthium  ion)  will  constitute  large  capital  investments  for  new  equipment.  Most 
companies  are  postured  in  peacetime  to  treat  dieircranmercial  and  miUtaiy  customers  equally.  The 
ccanpanies  will  add  additional  shifts  to  meet  extra  military  demand  but  will  not  make  capital 
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investments  to  sui)pan  military  production  alorte.  b  a  crisis  situation,  however,  they  will  be  well 
positkmed  to  use  their  full  capacity  to  siq)p(nt  military  production. 

There  are  some  TRPs  assisting  military  based  lithium  battery  jnoducers  to  make  the 
transititm  to  commocial  products.  This  will  provide  financial  stability  and  at  the  same  time  will 
maintain  noihtaiy  batteiy  production  o^Mtalities. 

9.3  Mercury  Battery  Marketplace  Analysis 

The  following  analysis  consists  the  military  mercury  battery  marketplace  and  the 
amnnercial  tnercuiy  marketplace  as  it  affects  the  militaiy  nurkeiplaoe. 

9.3.1  Military/Commercial  Demand 

The  demand  for  mercury  batteries  is  small  in  both  the  military  and  cnmmeicial  rrunkeqrlace. 
Military  mercury  batteries  are  used  to  support  le^cy  systems  that  date  fiom  the  1960's  and  early 
1970's.  Commercial  mereiify  hatterigs  ara  fnr  nwlifial  tnrmitftring  fq^|ip^ynt  State  lawS  and 
environmental  concerns  over  mercury  have  severely  affected  sales  and  have  encouraged  a  switch 
fiom  mereury  to  ocher  chemistries.  CECOM,  the  rrujOT  buyer  of  mercury  batteries  for  the  military, 
purchased  very  few  in  1S193,  but  mercury  battery  sales  to  all  four  Services  of  die  U.S.  military  and 
to  foreign  governments  in  the  first  quarter  of  1994  alone  almost  equaled  all  1993  sales.  The 
military  uses  noany  of  diese  batteries  in  their  legacy  Magruivox  radios,  but  CECOM  is  working  to 
phase  out  these  mercury  batteries.  Thirteen  states  already  have  banned  the  sale  of  commercial 
mercury  batteries.  Minnesota  and  New  Jersey  have  offered  exemptions  for  medical  equipment 
batteries,  but  the  trend  is  eventually  to  ban  mercury  batteries  throughout  die  U.S. 

9.3.2  Health  of  Mercury  Battery  Suppliers 

Alexander  Batteries  is  the  ordy  North  American  supplier  of  mercury  batteries;  the  only 
other  supplier  is  Gold  Peak  in  Hong  Kong.  Figure  9-3  summarizes  the  general  health  of 
Alexander  Batteries'  present  situation  and  its  future  expectatkxis. 
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Figure  9*3.  Health  of  Mercury  Battery  Manufacturers 


In  1993  Alexander  had  only  $423,000  in  meiciny  sales  to  the  military,  a  decrease  of 
approximately  $800,000  from  the  previous  year.  This  continues  a  significant  downward  trend 
from  $3.7  million  in  1990  military  sales.  Alexander  has  considered  leaving  the  mercury  battery 
business  and  offered  to  sell  its  mercury  capability  to  Gold  Peak,  but  at  the  same  time.  Gold  Peak 
offered  to  sell  its  capability  to  Alexander.  Alexander  has  asked  the  government  to  help  them 
remain  viable  to  support  legacy  systems.  One  avenue  that  Alexander  could  follow  is  to  become  a 
government  owned  and  contractor  operated  (GOCO)  facility;  no  decisitms  have  been  made  yet 

9.3.3  Establishment  of  Healthy  Commercial  Base 

The  commercial  base  for  mercury  batteries  consists  of  one  manufacturer  with  declining 
commercial  business.  In  years  past  military  demand  has  also  been  declining.  The  first  quarter 
mercury  demand  for  1994  has  been  uncharacteristically  high.  After  inventories  are  replenished  and 
legacy  systems  disappear  demand  will  undoubtedly  decrease  rapidly.  With  environmental 
concerns  and  more  benign  chemistries  as  an  alternative  to  mercury  batteries,  this  market  will 
disappear  soon. 

9.3.4  Projected  Business  Climate  for  Mercury  Battery  Industry 

The  next  five  to  ten  years  probably  will  see  the  demise  of  the  domestic  mercury  battery 
industry.  As  legacy  military  systems  are  replaced  and  other  battery  chemistries  make  their  way  into 
the  commercial  market,  the  demand  for  mercury  batteries  will  be  almost  nonexistent 
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9.3.5 


Convertibility  of  Industrial  Base 


Since  mercury  batteries  will  be  used  in  increasingly  fewer  military  ^>plications  and  will 
eventually  jdiase  out,  dw  adaptation  ci  diese  batteries  between  the  conomercial  and  military  markets 
is  not  necessary.  Current  demand  for  these  batteries  is  clearly  defined,  and  the  customers  will 
replace  the  mercury  chemistiy  widi  new  chemistries  as  diey  emerge. 

9.4  Silver  Battery  Market|riace  Analysis 

The  following  analysis  considers  the  military  silver  cadmium  and  silver  zinc  battery 
markeqdace  and  the  commercial  silver  cadmium  and  silver  zinc  marke4>laoe  as  it  affects  die  militaty 
marke^lace. 


9.4.1  Military/Commercial  Demand 

The  commercial  matkeqilace  uses  silver  zinc  batteries  for  niche  qiplications.  Small  primary 
cells  are  used  to  power  hearing  aids  and  wristwatches;  secondary  batteries  are  used  to  power 
portable  electronics,  television  news  cameras,  and  video  recordas.  The  military  uses  silver  zinc 
batteries  for  torpedoes,  unmanned  undersea  vehicles,  swimmer  delivery  vehicle  propulsion,  and 
missile  telemetry,  control,  and  rocket  stage  separation.  Silver  cadmium  batteries  are  used 
cotmnetcially  in  limited  numbers  for  power  tools  and  by  the  military  for  trapedoes.  Both  of  these 
chemistries  (except  for  the  small  hearing  aid,  wristwatch  ^iplications)  have  found  more  use  in  the 
military  than  the  commercial  sector.  The  high  cost  of  dtese  batteries  is  a  limiting  f^ttv  to  increase 
the  commercial  market  Secondary  silver  zinc  and  silver  cadmium  batteries  offer  high  energy  and 
power  doisi^  and  excellent  voltage  regulation  and  charge  retention  but  (rffer  decreased  service  life 
conqrared  to  a  nickel  cadmium  battery . 

The  military  probably  will  use  silver  zinc  batteries  in  missiles  and  torpedoes  for  some  time, 
but  declining  defense  dollars  and  decreased  global  direat  will  reduce  quantities,  (jommercially,  the 
electronic  news  gathering  business  will  remain  at  least  stable  or  grow.  The  same  holds  for  the 
sriiaU  ceU  corrsnercial  triarket  Silver  cadmium  batteries  do  not  have  a  large  military  or  commercial 
market  Other  batteries  from  research  and  development  should  replace  these  silver  chemisuy 
systems  in  the  future;  the  lithium  family  of  batteries  could  likely  replace  srane  of  the  silver 
systems. 


9.4.2 


Health  of  Silver  Battery  Suppliers 


Commercial  primary  silver  zinc  cells  used  for  hearing  aids  and  wristwatches  are 
manofactured  by  Duracell,  Eveready,  and  Rayovac.  For  military  applications,  the  U.S.  has  four 
identified  manufacturers  of  silver  zinc  batteries:  BST  Systems  Inc.,  Eagle-Picher  Industries  Inc. 
(Joplin,  Missouri  facility),  Whittaker  Power  Storage  Systems,  and  Yardney  Technical  Products. 
Yatdney  aitd  BST  also  manufacture  silver  batteries.  Hgure  9-4  summarizes  the  general 

health  of  each  conq>any‘s  present  situation  and  its  future  expectations. 
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Figure  9-4.  Health  of  Silver  Battery  Manufacturers 


9.4.2. 1  BST  Systems 

BST  currently  has  a  healthy  military  customer  base  and  small,  niche  commercial  customer 
base.  They  are  positioned  well  to  meet  increased  production  requirements  as  evidenced  during  the 
Gulf  War  when  the  company  added  trumufacturing  personnel  to  meet  the  higher  demand; 
normally,  the  facility  operates  under  maximum  capacity.  BST  is  aware  that  the  silver  battery 
demand  from  military  customers  is  decreasing  due  to  defense  cutbacks,  but  they  intend  to  adapt  to 
whatever  production  requirements  arise  in  the  future.  In  addition,  BST  continually  attempts  to 
update  battery  performance  and  capability  in  their  private  R&D  programs,  and  they  hope  these 
programs  will  allow  them  to  maintain  a  powerful  battery  line  for  both  military  and  cmtunercial 
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customers.  Presently,  the  conqtany's  {soductkn  operatioiis  are  staUe,  but  their  biture  depends  on 
military  demands  and  inqiroved  tedinology. 

9.4.2.2  Ea^Picber  Industries  (EPD.  Joplin.  Missouri 

EPI’s  primary  reserve  silver  zinc  batteries  are  used  in  many  missile  systems,  and  diey  will 
likely  become  the  sole  source  supplier  of  these  batteries  in  the  future  due  to  defense  cutbacks  and 
downscaling.  They  are  the  primary  supplier  oi  these  batteries.  EPI's  other  battery  production, 
including  other  rilver  chemistries,  diermal,  and  nickel  cadmium,  has  placed  diem  in  a  healthy 
producdon  situadon  for  bodi  presoit  and  future  demand. 

9.4.2.3  Whittaker  Power  Storage  Systems 

Whittaker's  customer  base  is  exclusively  military  and  government  programs.  Thispiesents 
unstable  conditions  for  Whittaker's  future  business  since  militaiy  scale  down  reduces  demand  for 
their  batteries.  Whittaker  plans  to  maintain  sales  as  high  as  possiUe  and  rely  on  R&D  efforts  to 
dictate  future  courses  of  action.  Currently  Whittaker  has  no  plans  to  change  the  production 
capacity  of  their  Denver,  Colorado  facility  but  does  eiqiect  capacity  utilization  to  drop  as  customer 
demand  drops.  Whittaker's  business  will  decrease  and  stabilize  at  lower  production  levels. 

9.4.2.4  YardneyTechmcal  Products  Inc. 

See  first  paragtiqih  section  9.2.2.5  for  additional  information. 

Yardney  at  present  is  stable  and  pursuing  imiaDved  silver  zinc  battery  characteristics  for  the 
Navy,  researching  lithium  ion  batteries  for  NASA,  and  maintaining  their  commercial  lithium 
buaness.  Yardn^  hopes  to  transition  additkmal  parts  of  dieir  business  into  the  commercial  sector 
but  is  mainly  a  military  batieiy  supplier.  Yardneycjqiects  military  sales  to  decrease  in  the  next  year 
or  two  and  cannot  be  sure  ci  future  production  requirements  fiom  military  customers.  A  large 
downturn  in  military  business  could  severely  hurt  Yatdney,  and  they  are  experioicing  cutbacks  in 
their  silver  batteiy  demands.  Yaidney's  situation  today  is  best  described  as  stable,  and  drey  will 
remain  stable  as  long  as  diey  maintain  their  present  customer  base. 
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9.4.3  Establishment  of  Healthy  Commercial  Base 

Fcr  silver  zinc  batteries  the  commeicial  base  is  distinct  from  dte  military,  due  mainly  to  die 
battery  type  used  in  each  market  High  volume  manufacturing  of  small  cells  fm  hearing  aids  and 
wristwatches  does  not  compare  with  small  runs  of  torpedo  prt^ulsion  batteries.  Silver  batteries 
caimot  be  manufactured  on  the  same  line  for  both  commercial  and  military  applications  as  is  the 
case  with  some  of  the  lithium,  lead  acid,  or  nickel  cadmium  batteries. 

For  silver  cadmium  batteries  the  ctHnmercial  base  and  demand  are  small.  EnvitvHimental 
concerns  over  cadmium  and  near  term  potential  replacement  chemistries  probably  will  cause  the 
demise  df  the  ^ver  cadmium  electrochemical  system. 

9.4.4  Projected  Business  Climate  for  Silver  Battery  Industry 

The  future  of  the  silver  battery  industry  will  be  dictated  primarily  by  military  and  aaoqnce 
applications.  Silver  zinc  primary  battery  annual  sales  in  the  U.S.  are  expected  to  grow  from  $15 
million  in  1992  to  lyrproximately  $18  to  $20  million  in  2000.  Secondary  silver  zinc  battery  armual 
sales  in  the  U.S.  are  expected  to  grow  from  $32  million  in  1992  to  ^proximately  $60  to  $80 
million  in  2000.  Silver  anc  battery  usage  within  the  military  will  grow  in  the  near  future  with 
improved  silver  zinc  batteries.  Research  is  ongoing  to  improve  the  properties  and  life  cycle  of 
silver  zinc  batteries.  NASA  should  continue  to  use  many  silver  zinc  batteries.  Eagle-Picher  claims 
that  every  maimed  space  flight  from  Mercury  through  Gemini,  Apollo,  and  now  the  Space  Shuttle 
have  used  dieir  sOver  zinc  batteries.  Cost  is  die  primary  drawback  for  increased  silver  zinc  battery 
demand,  but  this  cost  is  cooqiensated  by  its  petfmmance  and  reliability  characteristics. 

9.4.5  Convertibility  of  Industrial  Base 

The  commercial  base  (small  primary  cells  for  small  qiplications)  is  very  diffoent  from  the 
military  base.  Some  overlap  exists  for  certain  applications  like  electronic  news  gathering 
equipment,  but  for  the  most  part  the  military  will  never  package  a  silver  zinc  batteiy  using  multiple 
button  cells.  Thus  little  potential  for  convertibiliQr  between  commercial  and  industrial  production 
exists. 


151 


9.5  Lead  Acid  Battery  Marketplace  Analyids 

The  following  analysis  considers  the  military  lead  acid  battery  inariceq)lace  and  the 
commercial  lead  acid  maikeqdaoe  as  it  affects  die  militaiy  maikeqilace. 

9.5.1  Military/Commercial  Demand 

The  lead  acid  inaiket  is  dominated  by  commercial  demand.  The  only  military  application  of 
lead  acid  batteries  that  has  no  commercial  counterpart  is  submarine  propulsion,  due  primarily  to  the 
large  size  of  the  battery  system.  The  largest  commercial  demand  for  lead  acid  batteries  is  in  the 
auunoodve  aftermarket  and  for  standi^  and  motive  power  applications.  Past,  present,  and  future 
commercial  demand  has  created  a  very  staUe  and  growing  marketplace.  Lead  acid  companies  diat 
supply  the  military  have  strong  commercial  markets,  and  the  loss  of  military  sales  will  not  damage 
the  market  presence  of  these  companies. 

Commercial  demand  for  lead  acid  batteries  remains  strong  because  the  battery  is  relatively 
inexpensive,  very  safe  and  reliable,  and  although  heavy  due  to  the  lead  content,  utilized  in 
^iplicatkms  where  weight  is  not  a  paramount  issue.  The  develcfxnent  of  valve  regulated  lead  acid 
(VRLA)  batteries  between  1975  and  1980  has  virtually  eliminated  the  loss  of  water  on  charge  and 
created  a  much  safer  battery.  The  electrolyte  is  cra^letely  imnaobilized,  nearly  eliminating  the 
possibility  of  spilling  or  spraying  if  the  battery  is  rfamagwt  An  extensive  environmental  program 
exists  for  the  recyding  of  lead  acid  batteries;  qrproximatBly  9S%  of  all  lead  acid  batteries  produced 
in  the  U.S.  are  recycled.  This  recycling  includes  not  tmly  the  lead  but  also  the  plastic  container  arxl 
battery  acid. 

9.5.2  Health  of  Lead  Acid  Battery  Suppliers 

Most  lead  acid  battery  manufacturers  have  a  strcmg  comnoercial/indusnial  market  for  their 
products.  Most  manufacturers  have  defined  a  section  of  the  lead  acid  nuurket  that  they  supply  and 
have  chosen  to  stay  in  that  area.  For  example,  Concorde  manufacmres  lead  acid  batteries  primarily 
for  aviation,  while  C&D  Charier  produces  lead  acid  batteries  primarily  for  standby  power  and 
automotive  applications.  Hgure  9-5  summarizes  the  general  health  of  each  omipany's  present 
situation  and  its  future  expectatitms. 

I 

i 


152 


Lead  Add  Battery 
Kfannfacturers 

9 

si 

w  c 

«1l 

11 

^  ^  ^ 

Is 

»  a 

II 

ds 

d5 

Present 

Future  j 

]K 

£ 

t 

ja 

a 

£9 

ih) 

xs 

<** 

1 

as 

§ 

IS 

a 

P 

i 

s 

C&DC!harter 

1.3 

YES 

YES 

DIV 

■ 

B 

B 

B 

Concorde  Battery 

20 

YES 

NO 

OWN 

■ 

D 

B 

B 

GNB  Battery  Technologies 

1.25 

YES 

YES 

DIV 

■ 

B 

B 

B 

Johnson  Controls 

0 

YES 

YES 

DIV 

■ 

B 

B 

B 

Figure  9*5.  Health  of  Lead  Add  Battery  Manufacturers 


9.5.2. 1  C&D  Charter  Power  Systems 

C&D's  government  business  accounted  for  1.3%  of  their  total  1993  sales.  C&D 
manufactures  lead  add  batteries  for  the  military  in  support  of  the  Trident  submarine  and  the 
Minuteman  missile  silo  standby/backup  power.  C&D  is  the  sole  supplier  of  these  Minuteman  silo 
batteries.  The  company  is  not  looking  to  expand  its  government  sales,  although  the  demand  for 
Minuteman  lead  add  batteries  recently  has  increased  twelve  fold  and  C&D  will  ctmtinue  to  satisfy 
this  demand  (originally  the  contract  was  supposed  to  end  in  June  1994). 

If  C&D  lost  their  military  business  it  would  have  little  to  no  effect  on  the  company.  The 
company  is  healthy  due  to  its  strong  commercial  market  and  almost  insignificant  government  sales. 

9.5.2.2  Concorde  Battery  Corporation 

Concorde  has  an  established  commercial  base,  supplying  40%  of  all  commercial  general 
aviation  aircraft  batteries  in  the  U.S.  They  also  produce  older  model  lead  acid  batteries  for  the 
automotive  aftermarket.  Approximately  20%  of  Concorde's  1993  total  sales  were  to  the 
government,  of  which  75%  were  sealed  lead  acid  battery  sales.  Concorde  is  a  small  company  and 
is  attempting  to  gain  a  foothold  in  the  military  aircraft  battery  market.  Concorde's  lead  acid 
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batteries  have  been  used  on  U.S.  military  cargo  aircraft  and  on  some  of  Canada's  F18  fighter 
aircraft  as  a  retrofit  from  nickel  cadmium  biuteries.  The  military  batteries  that  Concorde  produces 
are  manufactured  on  the  same  line  as  the  comnrercial  batteries. 

Concorde's  bu^ess  is  steady  and  stable  and  they  hope  to  see  more  of  their  batteries  used 
on  military  aircraft  With  an  established  commercial  rruuket  and  military  market  and  the  potential 
for  military  sales  growth,  Concorde's  situation  is  healthy. 

9.5.2.3  GNB  Battery  Technologies 

GNB  has  20  manufacturing  facilities  in  Noth  America  and  claims  to  be  the  largest  battery 
rrumufacturer  in  North  America.  GNB  has  a  well  established  commercial  business  with 
i^roximately  1.25%  of  their  total  1993  sales  to  the  U.S.  goverrunent.  These  lead  acid  batteries 
were  used  primarily  on  submarines,  Navy  ships,  and  in  missile  silos.  GNB  expects  the  military 
market  to  decrease  in  the  next  five  years  and  is  cmicentrating  efforts  on  other  battery  technologies 
for  commercialization. 

GNB  is  a  very  healthy  cortqpany  which  supplies  the  U.S.  military  with  niche  batteries. 
GNB  claims  that  submarine  batteries  arc  not  difficult  to  manufacture,  just  larger  than  most  other 
batteries.  Thecotr^ranyreliesvery  little  on  military  sales. 

9.5.2.4  Johnstm  Controls  Battery  Group 

The  Johnson  Qmtrcds  Battery  Group  (JC-BG)  produces  one  out  of  every  duee  autcmiotive 
batteries  sold  in  the  U.S.  under  various  brand  nanoes.  This  autmnotive  aftermarket  accounted  for 
85%  of  JC-BG's  battery  sales  in  1993,  up  4.5%  from  the  previous  year.  The  JC-BG  has  no 
identified  sales  to  the  U.S.  government  but  has  had  sales  to  the  Canadian  Defense  Department  fcH- 
backup  power  systems. 

The  JC-BG's  well  established  commercial  base  and  rKHi-reliance  on  military  sales  indicated 
they  are  very  healthy. 

9.5.3  Establishment  of  Healthy  Commercial  Base 

The  commercial  base  for  lead  acid  batteries  is  well  established  and  growing.  The 
applications  for  standby  and  nootive  power  coupled  with  the  automotive  applications  will  keep  tius 


base  strong  and  healthy.  The  electric  vehicle  may  serve  as  another  avenue  of  growth  f<x  the  lead 
add  battery  industry,  but  research  programs  will  determine  success  in  this  market 

9.5.4  Projected  Business  Climate  for  Lead  Acid  Battery  Industry 

With  an  established  commercial  market,  the  lead  acid  battery  industry  is  expected  to 
continue  strong  growth  into  die  year  2000.  U.S.  sales  of  lead  acid  motive  power  batteries  are 
expected  to  increase  from  $310  million  in  1992  to  $400  millimi  in  2000;  standby  power  batteries 
fitnn  $280  million  in  1992  to  $415  million  in  2000;  crmsumer  lead  acid  batteries  firom  $160  million 
in  1992  to  $300  million  in  2000;  and  automotive  lead  acid  battery  sales  fimn  $2350  million  in  1992 
to  $3000  million  in  2000. 

9.5.5  Convertibility  of  Industrial  Base 

The  commercial  base  is  much  larger  than  die  military  base  and  the  pnxlucts  are  basically  the 
same.  Except  fm  configuration  differences,  military  and  commercial  lead  acid  batteries  are 
manufactured  on  the  same  ptoducticm  lines. 

9.6  Nidtel  Battery  Marketplace  Analysis 

The  fdlowing  analysis  conaders  the  military  niclKl  battery  marketplace  and  the  commercial 
nickel  markeqilace  as  it  affects  die  militaiy  marke^lace. 

9.6.1  Military/Commercial  Denaand 

The  military's  largest  use  of  nickel  cadmium  batteries  is  aviation.  These  batteries  supply 
backup  power  and  starting  power  to  fighter  and  transport  aircraft  as  well  as  helicopters.  These 
same  batteries  are  used  commercially  for  general  aviatim  and  commercial  aircraft  (e.g.  -  Boeing 
and  McDonnell  Douglas).  Most  of  die  aviatimi  nickel  cadmium  battery  proditecrs  have  a  larger 
commercial  than  military  market  The  portable  consumer  electronics  batteries  (mi  the  shelves  of 
stores  are  not  used  in  military  applications. 

As  defense  dollars  and  programs  rteoease  and  the  life  ttf  nickel  cadmiom  batteries  in^nove, 
there  will  be  rtecreased  demand  for  these  batteries.  The  sealed  nickel  cadmium  batteries  are  stored 
easily  (in  a  discharged  state),  have  a  long  shelf  life,  and  a  long  service  life.  Die  Air  Force  is 
working  to  remdit  vented  nicltel  cadmium  batteries  with  sealed  and  ultra-low  maintenance  vented 


nickel  cadmium  batteries  in  the  F16  and  E8  AWACS  aircraft  The  future  demand  for  nickel 
rarfmiiifti  batteries  could  be  jeopardized  by  growing  concerns  over  the  toxic  cadmium  used  in  the 
batteries.  Hiis  concern  is  part  of  the  Air  Force's  radmuile  for  switching  to  sealed  nickel  cadmium 
batteries.  The  Air  Force  will  use  fewer  sealed  nickel  cadmium  batteries,  and,  therefore,  fewer 
batteries  will  need  disposal.  The  military  demand  for  diese  batteries  wUl  decrease  as  these  retreats 
occur,  but  commercial  demand  will  remain  stable. 

Nickel  metal  hydride  batteries  are  receiving  a  lot  of  attention  as  a  potential  replacement  fix' 
nickel  cadmium  batteries.  Nickel  metal  hydride  batteries  have  not  yet  readied  maturity  but  claim  to 
offer  increased  performance  and  decreased  manufacturing  cost  compared  to  nickel  cadmium 
batteries.  The  absence  of  cadmium  also  is  a  significant  environmental  advantage. 

9.6.2  Health  of  Nickel  Battery  Suppliers 

The  following  conqiany  analysis  assesses  die  health  of  die  military  nickel  battery  suppliers 
in  North  America.  Health  is  assessed  by  considering  military  and  conunercial  sales,  existing 
contracts,  present  depth  in  commercial  market,  business  split  between  military  and  commercial 
markets,  and  variety  of  products.  Figure  9*6  summarizes  the  general  health  of  each  company's 
present  situadtxi  and  its  future  eiqiectations. 
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Figure  9-6.  Health  of  Nickel  Battery  Manufacturers 


9.6.2. 1  Eagle-Picher  Industries  be.  (EFI)  (Colorado  Springs.  CO) 

EPI  is  a  very  lai^e  and  diverse  company  that  has  weathered  a  fire  at  one  facility  and 
asbestos  claims  against  the  emnpany.  The  cmnpany  showed  profits  in  1992  the  first  time  in 
many  years.  The  EFI  Colorado  Springs  facility  manufactures  nickel  cadmium  and  nickel  hydrogen 
batteries  for  aviation  and  aerospace.  The  nickel  hydrogen  batteries  are  actually  part  battery  and  part 
fuel  cell  and  are  used  for  aerospace  applicadcms  such  as  satellites.  Approximately  5%  of  EPI's 
nickel  cadmium  sales  are  to  the  military  in  support  of  military  aircraft  EPI  presently  is  working 
with  the  U.S.  Air  Force  to  retrofit  dieir  sealed  nickel  cadmium  batteries  on  B52  aircraft  to  replace 
either  SAFT  or  Marathon  vented  nickel  cadmium  batteries.  CcHnmerciai  and  military  nickel 
cadmium  batteries  are  manufactured  on  the  same  production  lines. 

EFI  believes  the  aircraft  industry  is  not  healthy,  and  they  are  concerned  about  military 
aviation  cutbacks.  They  have  been  working  with  the  Air  Force  to  develop  a  20  year  nickel 
cadmium  battery.  EPI  is  hoping  that  the  Air  Force  will  ctmtinue  with  plans  to  retrofit  aircraft  widi 
sealed  nickel  cadmium  batteries.  Presently  EPFs  operatirais  in  Colorado  Springs  are  staUe  arrd 
healthy. 


9. 6.2.2  Maradioa  Power  Technologies 

Marathon  manufactures  nickel  cadmium  batteries  primarily  for  aviation.  Approximately 
17%  of  Marathem's  sales  are  to  the  U.S.  govenunent  (military.  Immigration  and  Custrans,  and  the 
Treasury  Department).  Marathon  claims  diey  supply  90%  of  Canada's  aviatitui  batteries  and  that 
Marathon  nickel  cadmium  batteries  have  been  tm  F16  aircraft  from  the  beginning  of  diat  prograriL 
Although  government  sales  have  dropped  off  in  recent  years,  total  demand  is  still  stable.  Marathon 
manufactures  government  and  commercial  batteries  on  die  m™  production  lines. 

Marathon  believes  they  could  survive  without  die  govemmrat  business  and  that  the  nickel 
cadmium  battery  industry  is  strong.  They  believe  customos  will  choose  higher  power  nickel 
cadmium  batteries  over  lead  acid  batteries  for  certain  applications.  Marathon’s  established 
commercial  market,  non-reliance  on  government  business,  and  their  impending  sale  indicate  a 
stable  and  healthy  conqiany. 


157x 


9.6,23 


SAFT  America  (Vakk)sta,  GA) 


SAFT  is  part  of  a  large,  worldwide  French-owned  conq)any.  The  Valdosta  facility 
manufactures  nickel  cadmium  batteries  for  aviation  and  industrial  applications.  SAFTs  sales  to  the 
military  account  fOT  32%  of  their  total  sales  but  account  for  50%  of  their  total  {noductitm  volume. 
SAFT  is  working  with  the  Army  and  Air  Force  to  encourage  use  of  SAFTs  ultra  low  maintenance 
nidtel  cadmium  batteries  for  aviatkm. 

SAFT  expects  the  commercial  and  military  nickel  cadmium  markets  to  converge  but  noted 
they  would  not  return  if  diey  ever  left  die  military  business.  SAFT  claims  they  make  little  pnrfit  on 
military  sales,  but  they  fiU  the  factory  with  work  and  help  cover  overtiead  costs.  In  1993  SAFT 
realized  a  decrease  in  OEM  and  aftermarket  (replacement)  battery  sales  and  an  increase  in  mUitary 
sales.  SAFT  production  facilities  are  presently  running  at  50%  of  capacity  and  therefore  could 
handle  increased  customer  tmlers.  SAFT  is  hoping  that  their  new  ultra  low  maintenance  nickel 
cadmium  batteries  find  a  market  niche  as  a  replacement  for  conventional  vented  nickel  cadmium 
batteries.  If  SAFT  lost  their  military  business  it  is  not  likely  that  they  would  close  their  doors. 
Presently  SAFTs  situation  is  healthy. 

9.6.3  Establishment  of  Healthy  Commercial  Base 

The  commercial  base  for  aviation  nickel  cadmium  batteries  is  well  established.  Most 
manufacturers  have  a  larger  commercial  than  military  aviation  battery  demand,  although 
cmnmocial  demand  is  decreasing.  Military  niciml  cadmium  aviation  batteries,  for  the  most  part, 
use  die  sairw  production  lines  as  commercial  aircraft  batteries. 

9.6.4  Projected  Business  Climate  for  Nickel  Battery  Industry 

McDonnell  Douglas  is  already  using  sealed  nidKl  cadmium  battnies  on  its  MD-80  and  DC- 
9  commercial  aircraft;  die  militaiy  is  using  diem  on  a  few  F- 1 6  fighters  and  Apache  heliccpters;  and 
Boeing  is  expected  to  use  them  on  the  777  aircraft  Most  other  commercial  and  general  aviation 
aircraft  use  vented  nickel  cadmium  batteries.  The  advantages  of  using  sealed  nickel  cadmium 
batteries  iiM;lude  lower  maintenance  costs,  longer  life,  and  easier  logistics.  Nickel  cadmium 
batteries  require  less  service,  making  them  easier  to  deploy  worldwide  in  support  of  military 
aircraft  The  sealed  nickel  cadmium  battery  is  mme  consistent  with  the  goal  of  having  die  battery 
serviced  in  conjunction  with  the  service  of  the  aircraft  The  Air  Fbrce  is  expected  to  begin 
retrofitting  aircraft  with  sealed  and  ultra-low  maintenance  vented  nickel  cadmium  batteries  during 
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1994.  Commercud  demand  for  sealed  nickel  cadmium  baneries  is  projected  lo  inCT»se  from  $440 
milfion  in  1992  to  $520  millkm  by  the  year  2000. 

Nickel  noetal  hydride  batteries  are  just  entering  the  commercial  market  Primary  use  of 
these  batteries  has  been  in  siqrport  of  personal  notebook  oorqniters.  Nickel  metal  hydride  batteries 
are  projected  to  reach  a  $100  millian  market  by  ^  year  2000. 

9.6.5  Convertibility  of  Industrial  Base 

For  aviation  nickel  cadmium  battery  suppliers,  tire  cmrunercial  industrial  base  and  military 
industrial  base  are  basically  the  same.  Most  manufacturers  produce  rrrilitary  and  ctmimercial 
batteries  on  the  same  production  lines,  and  for  a  sudden  increase  in  rrrilitary  demand,  additional 
shifts  could  be  irrrplemented  to  meet  all  production  requirements. 

9.7  Magnesium  Battery  Marketplace  Analysis 

The  following  analysis  ccmsiders  the  military  rrragnesium  battery  trrarkeqrlace  and  the 
omnmercial  magnesium  markeqrlaoe  as  it  affects  the  military  markeqrlace. 

9.7.1  Military/Commercial  Deitrand 

The  use  of  magnesium  batteries  by  tire  military  is  limited  to  a  few  iqrplications.  The  Navy 
uses  them  for  mines,  and  the  Army  uses  tirem  as  a  lower  cost  alternative  to  lithium  batteries  during 
training  exercises  for  portaUe  electronics  equipment 

9.7.2  Health  of  Magnesium  Battery  Suppliers 

There  are  two  domestic  suppliers  of  magnesium  batteries  to  the  military.  ACR  Electronics 
manufactures  rrragnesium  batteries  in  support  of  the  Navy's  Oqrtor  trrines  and  Rayovac  sells 
batteries  to  CECCM  that  the  Artriy  uses  in  portable  electronics  during  training  exercises.  Figure  9- 
7  summarizes  the  general  health  of  each  company's  present  situation  and  its  future  esqrectations. 
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Figure  9*7:  Health  of  Magnesium  Battery  Manufacturers 


9.7.2. 1  ACR  Electronics 

ACR's  sales  of  magnesium  batteries  to  the  military  account  for  20%  of  their  total  sales. 
ACR  is  the  single  source  supplier  of  the  Navy  Captor  (MK  12S,  126, 127)  batteries  and  has  sold 
550,000  of  these  to  the  Navy  over  the  last  tci«  years.  ACR's  commercial  magnesium  market  is 
small,  mostly  in  support  of  the  emergency  locator  electronics  that  they  manufacmre.  They  do  not 
see  much  growth  in  this  market  and  would  discontinue  this  capability  altogether  if  they  were  to 
cease  manufacturing  magnesium  batteries  for  the  military.  ACR's  present  and  future  situation  is 
stable  and  healthy. 

9.7.2.2  Rayovac 

Rayovac  makes  batteries  primarily  for  the  consumer  and  industrial  electronics  markets. 
The  magnesium  batteries  are  sold  to  the  military  off  the  commercial  line  and  are  used  to  support 
equipment  during  training  exercises.  Rayovac  historically  has  had  a  number  of  firsts  in  the  battery 
industry  and  is  the  326th  largest  privately  owned  company  in  the  U.S.  Its  main  competition  is 
Eveready  and  Duracell.  Rayovac  is  the  third  largest  battery  manufacturer  in  the  U.S. 

Rayovac's  large  commercial  base  along  with  their  standing  as  a  consumer  battery  market 
supplier  indicates  a  healthy  company.  Rayovac’s  military  sales  ate  negligible  compared  to  their 
commercial  sales;  a  loss  of  military  contracts  would  have  little  or  no  effect  on  the  company. 


160 


9.7.3  EsUblishment  of  Healthy  Commercial  Base 

Presently  die  commercial  market  for  the  magnesium  batteries  is  staUe,  and  excqa  for  a  few 
dual-use  batteries  used  by  both  axnmercial  and  military  customers,  the  markets  are  distinct  The 
corrnriercial  rriaiket  dorruiiates  the  demand  for  rriagriesium  batteries. 

9.7.4  Projected  Business  Climate  for  Magnesium  Battery  Industry 

The  commercial  demand  will  continue  to  dominate.  Military  applications  are  few  and  not 
expected  to  grow  significantly.  The  manufacturers  ci  magnesium  batteries  will  remain  focused  on 
their  commercial  customers  unless  a  new  battery  is  develr^ied  through  research  and  development 
programs.  Most  new  products,  both  military  and  cmnmercial,  probably  will  use  other  battery 
chemistties. 


9.7.5  Convertibility  of  Industrial  Base 

There  is  no  further  need  to  adapt  commercial  magnesium  batteries  for  military  needs.  The 
batteries  udiich  the  military  uses  are  cmrunonly  used  in  die  commercial  market  already  and  few 
additional  dnnands  on  battery  specificaticms  areeiqiected  in  the  future. 

9.8  Summary 

"Dual  use"  will  not  exist  in  the  near  future  in  the  sense  that  the  military  will  be  able  to 
power  equipment  with  batteries  diey  could  boy  off  the  shelf  of  a  retail  store.  Dual  use  will  exist  in 
the  sense  dut  the  battery  manufacturers  will  have  established  commercial  production  lines/facilities 
that  will  sujqxnt  production  of  batteries  that  are  sold  to  bodi  commercial  and  military  customers. 
This  concept  of  dual  use  in  production  terms  will  be  the  measure  of  whether  a  chemistry  will 
continue  to  be  manufactured  into  the  21st  century.  Ftoductitxi  lines  will  numufacture  the  same 
cells  and  configure^cpackage  the  cells  in  accordance  widi  die  qiecific  battery  system  requimnents. 

Figure  9-8  summarizes  the  status  of  the  Nrnth  American  military  battery  industry  by 
chemistry.  Figures  9-9  and  9-10  identify  potential  battery  replacements  fOT  particular  primary  and 
secondary  battery  chemistries.  Rqilacement  of  one  chemistry  with  another  depends  on  tqiplication 
and  mission  requirements.  For  example,  lithium  sulfur  dioxide  batteries  can  be  rqilaced  with 
magnesium  manganese  dioxide  batteries  but  at  a  reduced  performance  level  in  certain 
environments.  For  primary  systems,  lithium  manganese  dioxide,  magnesium  manganese  dioxide, 
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and  lithium  sulfur  dioxide  batteries  have  several  possible  replacement  systems.  Fmr  secondary 
battery  systems,  nickel  cadmium,  secondaiy  silver  zinc,  and  silver  cadmium  are  common  today  but 
I»Dbably  will  be  replaced  by  one  of  several  t^doos. 
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Figure  9>8.  Status  of  North  American  Battery  Industry  by  Chemistry 
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10.0  CONCLUSI  NS  AND  RECOMMENDATIONS 


The  following  section  presents  conclusions  and  recommendations  of  this  battety  industrial 
base  study.  The  first  section  discusses  conclusicms  and  reccmunendatitxis  by  chemistry,  and  the 
second  sectkMi  discusses  conclusions  and  rectnnmendations  to  inqrrove  nuuiaganent  of  the  battery 
marketplace.  \ 

10.1  Condusions  and  RecommendatitHis  by  Chemistry 

In  general,  manpower  and  monetary  cutbacks  have  forced  the  military  to  do  noore  widi  less. 
The  battlefield  of  tomonow  will  be  controlled  by  electronics;  fiom  miall  manportable  devices  to 
large  weapon  systems,  all  will  be  mobile  and  require  some  form  of  electrical  power  to  c^rerate. 
Doing  more  with  less  necessitates  the  use  of  a  flexible  base  rather  than  an  independent,  qrecialized 
base  to  satisfy  particular  needs.  Drawing  frcnn  a  commercial  and  industrial  base  can  satisfy  this 
’’more  with  less”  requirement  Competitimi  in  a  growing  markeqrlace  keeps  prices  low  and 
availability  high.  This  creates  inherent  stability.  Fot  certain  sections  of  the  battery  markeqrlace, 
such  as  lead  acid  and  nickel  cadmium  batteries,  stability  is  present  because  of  the  largely 
established  commercial  and  industrial  markets.  For  chemistries  such  as  lithium  sulfur  dioxide, 
silver  zinc,  or  silver  cadmium,  the  market  has  bem  centered  in  the  past  (and  somewhat  in  the 
present)  around  the  military.  For  these  systems  reliance  on  the  military  as  the  ™in  cusuxner  has 
been  a  cause  of  instability. 

The  North  American  military  battery  industrial  base  can  be  described  in  three  groups.  The 
first  group  comprises  military  unique  batteries  that  have  no  commercial  counterpart  customer  or 
application.  These  military  unique  batteries  and  ctmfigurations,  namely  thermal  systems  and 
primary  reserve  silver  zinc,  are  at  risk  since  military  defense  cutbacks  are  placing  suppliers  in 
unhealthy  production  situations.  Suppliers  are  unlikely  to  dedicate  portions  of  their  facilities  to 
unique  batteries  that  do  not  require  high  or  consistent  production  rates. 

The  second  group  comprises  batteries  that  have  ccnmnercial  counterparts  or  significant 
military  denoand  that  is  not  affected  by  defense  cutbacks.  Availability  of  these  batteries  is  not  in 
jeopardy.  The  battery  chemistries  and  configurations  in  this  group  are  lithium,  primary  and 
seouidary  stiver  zinc  (not  primary  reserve),  lead  acid ,  and  nickel  cadmium. 

The  final  group  comprises  batteries  that  currently  have  both  military  and  commercial 
demand  but  whose  military  demand  likely  will  phase  out  during  the  next  decade.  Although  the 
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manufacture  of  these  batteries  to  military  applkadons  will  decrease  it  is  likely  that  many  systems 
that  use  these  batteries  will  still  have  them  in  service  for  a  period  of  time  after  the  military 
terminates  its  procurement  of  the  batteries.  These  batteries  are  used  in  older  technologies,  have 
environmentally  unfriendly  compmients,  cx  are  expensive.  Battery  chemistries  in  this  group 
include  magnesium,  mercury,  and  silver  cadmium.  Military  customers  are  positioning  their 
qjplications  to  iixq)iement  otho*  battery  chentistries  or  configurations. 

The  following  sections  present  the  conclusions  based  on  the  status  of  the  chemistries 
discussed  tfarmighout  this  report  and  recommendations  that  the  U.S.  and  Canadian  governments 
should  consider  to  each  chemistry. 

10.1.1  Thermal  Batteries 

10.1.1.1  Conclusions 

Eagle-Picher  in  Jqtlin,  Missouri  is  the  only  N(»dt  American  producer  of  thermal  batteries. 
The  only  current  customer  market  to  thermal  batteries  is  the  military.  The  industrial  base  decline 
to  a  single  producer  was  due  primarily  to  reduced  demand.  The  one  supplier  is  stable;  there  is  a 
potential  that  others,  Martin  Marietta  and  Westinghouse,  may  enter  the  market  to  future  military 
and  commerce  i^lications. 

10.1.1.2  Recommendations 

The  U.S.  and  Canadian  governments  do  not  need  to  perform  any  action  in  this  family  of 
batteries.  The  current  applications  and  the  anticipated  additional  military  and  commercial 
applications  are  expected  to  maintain  a  stable  market  and  dictate  the  total  number  of  thermal  battery 
suppliers.  However,  the  U.S.  and  Canadian  governments  must  be  cognizant  of  the  impact  that 
further  ttemand  decreases  could  have  on  the  supplier  base. 

10.1.2  Lithium  Batteries 

10.1.2.1  Conclusions 

The  lithium  marketplace  traditionally  has  been  maintained  by  one  cusuxner  -  the  military  via 
sales  of  mostly  primary  lithium  sulfur  dioxide  batteries.  Although  the  military  uses  other  lithium 
batteries  such  as  lithium  thionyl  chloride  and  lithium  manganese  dioxide,  the  lithium  sulfur  dioxide 
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electtocheinical  system  has  been  the  most  popular  because  of  its  high  energy  and  long  service  and 
shelf  life.  The  Gulf  War,  cmnbined  with  existing  cmitracts,  eliminated  the  need  for  additional, 
large  procurements  of  lithium  batteries  until  the  1997  or  1998  time  frame.  CECX>M,  the  largest 
customer  for  lidiium  sulfur  dioxide  batteries,  believes  there  will  be  a  mme  cost  effective  chemistry 
available  when  their  battery  demands  rise,  either  lithium  sulfur  dioxide  systems  with  reduced 
lifecycle  costs  or  an  improved,  inexpensive  replacement  system  such  as  the  lithium  manganese 
dioxide  pouch  cell. 

Of  the  four  major  military  lithium  battery  manufacturers,  Ballard,  Battery  Engineering  Inc. 
(BEI),  Power  Conversion  Inc.,  and  SAFT,  only  BEI  relies  noore  cm  its  commercial  demand  than 
its  govenunent  demand.  The  other  duee  rely  heavily  on  government  customers.  A  fifth  company, 
Yardney  Technical  Products,  which  manufactures  silver  based  batteries  for  the  military, 
manufactures  lithium  batteries  for  the  commercial  market  They  also  have  the  capability  to 
manufacture  military  lithium  sulfur  dioxide  batteries  and  are  a  potential  military  lithium  battery 
supplier,  but  today,  this  manufacturing  line  sits  idle. 

The  lack  of  commercial  demand  and  heavy  reliance  on  the  military  as  a  customer  creates 
uncertainty  for  the  companies'  (or  divisions')  future.  Efforts  are  ongoing  at  SAFT,  PCI,  and 
Ballard  to  transition  into  the  commercial  market.  The  impediment  is  that  they  first  need  a 
commercial  battery,  commercial  demand  for  diat  b^tery,  aiid  the  capability  to  mass  produce  that 
product  All  three  of  the  companies  are  optimistic  about  achieving  this  goal  eventually,  but  the 
interim  transition  is  a  concern.  Optimally,  as  military  sales  decline,  commercial  sales  will  increase 
to  maintain  a  satisfactory  level  of  sales. 

The  plaimed  retreat  from  what  was  previously  the  military's  (and  the  manufacturers') 
mainstay  chemistry,  lithium  sulfur  dioxide,  has  left  the  lithium  military  industrial  base  floundering 
on  how  to  survive  through  the  next  five  to  ten  years.  They  plan  to  fulfill  the  remaining  contracts  to 
the  military  and  simultaneously  work  toward  diversifying  dieir  product  and  customer  base. 

10.1.2.2  Recommendations 

During  the  next  few  years,  the  military  should  focus  their  efforts  on  decreasing  lithium 
sulfur  dioxide  lifecycle  costs  and  improving  lithium  manganese  dioxide  and  lithium  thionyl 
chloride  performance  and  safe^.  Also,  the  military  should  be  aware  of  the  supplier  diversification 
that  will  be  dictated  by  current  and  anticipated  military  and  commercial  demands.  The  anticipated 
demands  will  have  a  direct  effect  on  the  suppliers'  diversification  efforts. 
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R&D  dfoits  on  lithium  ion  and  lithium  polymer  secondary  battery  systems  should  continue 
in  order  to  improve  performance  and  maintain  low  lifecycle  costs.  These  two  battery  systems  are 
important  to  the  lithium  family  since  they  may  replace  the  current  lithium  systems  if  their 
performance  specifications  are  satisfactory  and  their  lifecycle  costs  remain  low. 

10.1.3  Mercury  Batteries 

10.1.3.1  Conclusions 

The  mercury  electrochemical  system  at  (me  time  was  a  mainstay  product  for  the  military  in 
communications  equipment,  but  new,  improved  chemistries  and  increased  knowledge  and 
awareness  of  mercury's  toxicity  have  made  it  an  undesirable  chemistry.  The  military  still  utilizes 
mercury  batteries  in  legacy  conx^unications  systems,  naval  mines,  and  surveillance  systems.  The 
medical  field  also  uses  commercial  mercury  batteries.  The  environmental  concerns  regarding 
mercury  have  prof(q)ted  13  states  to  ban  the  sale  of  mercury  batteries;  others  will  likely  follow. 

Worldwide  only  two  mercury  battery  manufacturers  exist:  Alexander  in  the  U.S.  and  Gold 
Peak  in  China.  Alexander  Batteries  relies  heavily  (»i  the  U.S.  military  for  sales  of  its  mercury 
batteries.  In  previous  years  Alexander's  mercury  operation  has  lost  money,  but  during  the  first 
quarter  of  1994,  the  noercury  business  outperformed  the  total  1993  sales.  This  is  an  abenraticMi;  as 
the  military  replaces  legacy  systems  with  new  systems  that  use  lithium  based  batteries,  the  demand 
for  mercury  batteries  will  decrease  dramatically.  These  diminished  demands  coupled  with 
envircMunental  concerns  will  most  likely  lead  to  the  demise  of  die  mercury  electrochemical  system. 

10.1.3.2  Recommendations 

The  transition  from  mercury  batteries  should  continue.  The  military  and  government 
agencies  are  aware  of  this  and  need  only  to  ensure  current  systems  using  mercury  batteries 
continue  to  transidon  to  other  chemistries  and/or  replace  legacy  systems  with  otlm'  systems  that  use 
other  chemistries. 
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10.1.4  Silver  Batteries 


10.1.4.1  Conclusi(His 

Silver  zinc  batteries  satisfy  nidw  qq)licatkHis  in  the  tnilitaiy  and  commercial  markets.  They 
are  used  ccmmercially  in  electrooic  news  gathering  equipment  and  specialized  medical  equipment. 
Silver  zinc  batteries'  main  military  applications  are  guidance  and  telemetry  for  missiles  and 
propulsimi  of  underwater  systems. 

Silver  cadmium  batteries  satisfy  an  even  smaller  market  than  silver  zinc.  They  are  used  in 
missiles,  torpedoes,  limited  aerospace  qjplications,  and  portable  power  tools.  The  silver 
battery  may,  at  some  time,  be  replaced  with  a  less  expensive,  more  environmentally  friendly 
battery  chemistry.  Advanced  silver  zinc  and  nickel  metal  hydride  batteries  are  likely  candidates. 

The  silver  battery  mariQsq)lace  is  driven  by  the  military  witit  four  identified  suppliers  -  BST 
Systems,  Eagle-Picher  Industries,  Whittaker  Power  Storage  Systems,  and  Yardney  Technical 
Products.  The  marketplace  is  healthy  with  a  projected  staUe  business  climate.  Sufficient  military 
demand  exists  to  sustain  at  least  three  manufacturers  in  the  future. 

10.1.4.2  Recommendations 

Although  the  military  silver  battery  demand  has  been  decreasing,  the  production  base  is 
stable  enough  to  warrant  little  action.  However,  the  military  should  remain  cognizant  of  the 
suppliers'  status  since  stnue  specific  silver  ccMifigurations  are  in  higher  demand  than  others.  For 
exairqtle,  the  ptimaiy  reserve  silver  zinc  production  will  lilmly  decrease  to  a  single  supplier  due  to 
decreased  demand  for  this  specific  configuration.  This,  in  affect,  becomes  similar  to  the  thermal 
battery  scenario,  a  sole  supplier  for  limited  demand  with  production  potential  at  otho*  supplier 
facilities. 


10.1.5  Lead  Add  Batteries 
lO.l.S.l  Conclutions 

Lead  add  batteries  are  the  most  widely  used  rechargeable  battery  system  in  the  wm-ld,  and 
the  manufacturing  process  and  the  batteiy  product  are  proven,  economical,  and  reliaUe.  Leadacid 
batteries  have  a  solid  position  in  the  commerdal  marketplace  for  ^)plications  running  the  gamut 


firom  aviation  to  autooaobiles  to  poftable  etoctrooics.  Inexpensive  materials  and  almost  coiiq)lete 
recycling  of  used  batteries  have  lead  add  batteries  affordable  and  very  availaUe.  Mibtaiy  use 
of  lead  acid  batteries  is  varied.  Submarine  propulsion,  vehicular  starting,  lighting,  and  ignition, 
aviation,  and  standby  power  are  the  main  military  applications,  but  military  purchases  of  lead  acid 
batteries  are  awall  in  comparison  to  sales  in  die  commercialrindustrial  market  The  lead  add  battery 
industry,  especially  for  aviation,  automotive,  and  standby  power  applications,  is  strong  and 
growing  steadily. 

10.1.5.2  Recommendations 

Since  the  lead  acid  battery  marketplace  is  very  strong  and  healthy,  no  actions  are  required. 

10.1.6  Nickel  Cadmium  Batteries 

10.1.6.1  Conclusions 

Nickel  cariminm  batteries  are  also  a  mature  technology  and  show  no  signs  of  decline.  The 
nickel  caHtninm  marketplace  is  sui^iorted  heavily  by  commercial  aviation  and  industrial/comrnercial 
sales.  All  the  identified  military  nickel  cadmium  battery  suppliers  have  a  strong  established 
commercial  and  military  market  Military  and  commercial  batteries  are  manufactured  on  die  same 
production  lines. 

10.1.6.2  Recommendations 

As  with  the  lead  acid  family,  since  the  nickel  cadmium  battery  marketplace  is  stable  and 
healthy,  no  actions  are  required.  However,  the  military  should  continue  its  R&D  efforts 
concerning  die  nickel  metal  hydride  battery  since  it  has  demonstrated  potential  to  replace  several 
existing  battery  chemistries  in  the  future. 

10.1.7  Magnesium  Batteries 

10.1.7.1  Conclusions 

The  military  use  of  magnesium  batteries  is  limited  to  mines  and  communications 
equipment  The  battery  system  is  an  old  chemistry  that  will  likely  be  phased  out  over  the  next  few 
decades. 
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There  is  only  a  single  North  American  manufacturer  for  the  Navy  mine  batteries  -  ACR 
Electrcmics.  Their  manufacturing  process  is  antiquated  and  labor  intensive,  but  ACR  has  no  plans 
to  update  their  manu  ing  equipment,  processes  or  operations.  ACR  has  a  well  established 
commercial  market  uon-battery  products  and  although  they  would  miss  revenues  ^m 
magnesium  military  batteries,  if  demand  became  low  enough  to  make  the  economics  unfavorable, 
ACR  contends  they  would  cease  production.  The  Navy  has  not  expressed  a  great  deal  of  ccmcem 
about  this;  odier  battery  chemistries  are  potential  replacements. 

CECOM  procures  onrunercial,  off  the  shelf  batteries  from  Rayovac  for  its  cotnmuitications 
equipment  as  a  low  cost  alternative  to  lithium  sulfur  dioxide  batteries  during  training  exercises. 
Rayovac  is  a  well  established  battery  compary  with  a  large  ccmmercial  base;  the  military's 
purchases  produce  little  incmne  compared  to  th^ '  cmnmercial  mariret  base. 

Military  and  commercial  demand  in  ti-  magnesium  battery  market  is  small.  The  two 
identified  suppliers  are  healthy  with  a  stable  busirij^  climate.  Both  suppling  are  adequately 
diversified  via  other  products  so  that  the  loss  of  trtilitary  magnesium  battery  business  would  have 
no  catastrophic  effects  on  their  conqiaities. 

10.1.7.2  Recanmendations 

Since  die  magnesium  battery  manufacfiirers  are  stable,  no  actions  ate  required.  The  current 
applications  for  the  battery  should  remain  supplied.  If  the  military  demanid  decreases  ot  is 
terminated,  die  suppliers  will  not  experience  any  significant  problems. 

10.2  Short  Term  Management  Issues*  Conclusions  and  Recommendations 

This  section  presents  conclusions  and  recommendations  associated  with  management 
concerns  raised  by  the  battery  industrial  sector.  Many  of  these  concerns  have  been  identified 
previously  in  section  7.1. 
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10.2.1  Joint  U.S7Canadian  Battery  Buys  and  Joint  Buys  Betwera  Services 

10.2.1.1  Conclusioiis 

Batteries  are  pervasive  throughout  the  noilitary.  The  Services  use  large  quantities  of 
batteries  to  maintain  supplies  and  conduct  training  exercises.  Canada  procures  a  smaller  portion  of 
batteries  than  the  U.S.,  and  most  Canadian  military  equipment  comes  frmn  U.S.  suppliers. 
Therefore,  die  Canadian  DND  uses  many  of  die  same  batteries  as  die  U.S.,  but  cunendy  there  are 
no  jtnnt  efforts  in  battery  purchasing.  There  are  very  few  Canadian  battery  suppliers;  when 
Canada  buys  batteries  from  U.S.  manufacturers,  they  often  obtain  them  through  a  Canadian 
distributor  at  a  premium.  Jtnnt  purchasing  programs  direedy  from  the  manufacturer  will  help  bodi 
the  U.S.  and  Canadian  governments  as  well  as  the  batteiy  manufacturer.  The  benefits  for  the  two 
governments  include  decreased  unit  costs  due  to  larger  quantities  and  elimination  of  distributor 
pramums. 

10.2.1.2  Recommendatkxis 

The  U.S.  Services  and  Canadian  DND  should  explore  the  possibility  of  joint  procurements 
among  die  Services  and  the  DND. 

10.2.2  Plan  for  Low  Rate  Production 

10.2.2.1  Ccmclusions 

In  preserving  a  production  base  ctqnbility,  both  the  productimi  lines  and  the  skill  level  of 
die  pec^le  involved  in  the  process  need  to  be  maintained.  Extending  producti(»  deliveries  by 
planning  ftv  a  low  rate  of  production  would  achieve  this  goal.  This  helps  not  only  to  inesetve  a 
particular  oqiability  and  chemistry,  but  also  to  ease  the  transition  from  one  battery  chemistry,  e.g., 
lithium  sulfur  dioxide,  to  the  next  generation  chemistry.  This  also  enables  the  producer  to  make 
more  informed  business  and  investment  decisimis. 

10.2.2.2  Recommendations 

Though  low  rates  of  production  increase  costs  they  should  be  used  where  there  is  concern 
about  maintaining  a  needed  production  capability  that  is  in  danger  of  disappearing.  The  lithium 
sulfur  dioxide  chemistry  is  a  prime  example;  the  Army  is  looking  to  transition  to  a  more  cost 
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efficient  battery  but  needs  to  ensure  that  lithium  sulfur  dioxide  chemistry  producdcm  is  available 
until  the  new  chemistiy  is  developed. 

10.2.3  Improved  Planning  and  Communication 

1 0.2.3. 1  Ccmclusions 

Inqnoved  planning  and  communicadon  of  battery  requirements  with  manufactures  would 
permit  more  effideit  workloading  and  producticMi  scheduling.  This  would  not  only  increase 
manufacturer  stability  and  inqirove  delivery  schedules,  unit  costs,  and  quality,  but  also  would 
serve  to  foster  a  better,  more  cooperative  working  relationship  with  battery  producers. 

10.2.3.2  Recommendations 

The  U.S.  Services  and  Canadian  DND  should  work  toward  improving  the  planning 
involved  regarding  battery  supply  requirements  and  relaying  diis  information  to  manufacturers. 
Communicadm  may  be  enhanced  through  the  implementation  of  an  electronic  bulletin  board 
infonning  numufacturers  of  future  battery  procurement  requirements. 

10.2.4  Battery  Maintenance 

10.2.4.1  Conclusimis 

Certain  secondary  batteries,  such  as  nickel  cadmium  and  lead  acid  used  noainly  for  military 
aviation  ^plications,  have  their  service  lives  shortened  by  improper  maintenance  procedures.  Tbe 
lack  of  proper  maintenance  is  a  cause  of  significant  aimual  cost  in  battery  replacement 

10.2.4.2  Recommendations 

The  services  should  inplement  inpioved  peisoiuiel  training  and  ipdate  battery  maintenance 
procedures.  A  thorough  understanding  of  what  mainteruuice  is  required  and  when  it  is  required  is 
imperative  to  preserve  battiny  service  life.  This  infmmation  should  be  obtained,  when  available, 
fiom  the  battery  manufacturer  and  updated  or  incorporated  into  military  battery  maintenance 
procedures. 
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10.3  Long  Term  Management  Issues'  Concludons  and  Recommendations 

The  following  conclusions  and  recommendations  suggest  long  tenn  ways  to  eliminate  and 
reduce  other  areas  of  concern. 

10.3.1  Standardize  Battery  NSNs  (NATO/National  Stock  Numbers) 

10.3.1.1  ConclusicMis 

The  U.S.  Services  and  Canadian  DND  need  a  better  understanding  of  what  batteries  they 
have  in  use  and  whoe  different  organizatitms  are  procuring  the  same  batteries  from  the  same 
manufacturer  but  using  different  NSNs. 

10.3.1.2  Recommendations 

A  thorough  parsing  of  the  battery  NSNs  of  the  U.S.  and  Canadian  military  services  is 
required.  The  two  countries  should  institute  a  process  to  coordinate  and  catalog  new  NSNs.  A 
joint  battery  NSN  database  with  explicit  infixmation  about  each  item  could  facilitate  this  process. 
Currently,  NSN  lists  exist  that  provide  q)ecific  NSNs  or  categories  of  NSNs  corresponding  to  a 
particular  battery,  but  this  infccmation  is  often  limited  or  inaccurate. 

10.3.2  Make  Better  Use  of  a  Battery  Designers  Associate  (tool) 

10.3.2.1  Conclusioris 

Though  system  designers  attempt  to  identify  and  utilize  existing  batteries,  they  are 
frequently  unsuccessful  because  they  are  unaware  of  existing  batteries  that  could  satisfy  die  needs 
of  a  particular  systera  A  database  that  documents  and  tracks  batteries  could  have  a  significant 
impact  on  reducing  die  proliferation  of  new  batteries  within  the  military.  There  are  several  existing 
databases  that  document  and  track  either  batteries  or  components  of  military  systems,  including 
battnies,  which  offer  potential  as  such  a  syston. 

10.3.2.2  Recommendations 

The  U.S.  Services  and  Canada  should  address  whether  one  of  the  current  databases  could 
serve  as  a  battery  designers  associate.  The  basis  fw  dus  determinaticHi  should  be  identifying  what 
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infomation  would  need  to  be  included  or  added  to  the  selected  database  and  what  jnocedures 
would  need  to  be  developed  to  make  it  effective. 

10.3.3  Create  Families  of  Batteries 

10.3.3.1  Gcmclusions 

One  way  to  help  stem  die  pioUferation  of  batteties  is  to  ensure  that  battery  requirements  are 
ccmsidered  in  the  early  planning  stages  of  a  weapon  system.  If  families  of  batteries  were  created 
for  different  defense  systems,  the  designer  could  choose  standard  batteries  frtMn  the  family 
iqipropriate  to  his  system  and  cqieratkmal  requirements.  This  standardization  would  help  limit  the 
number  of  ctmfigutaticms/chemistries  used  with  specific  systems.  These  families  could  highlight 
specific  areas  such  as  ordnance  systems,  cmmnunications  systems,  manportable  devices,  or 
aviation  systems.  The  Navy  has  successfully  accmnplished  this  in  designing  sonobuoys.  Duracell 
has  standardized  dieir  commercial  lithium  camera  battery  configuratitms  from  which  camera 
designers  must  choose  a  specific  battery.  A  tri-Sovice  Aviation  Battery  group  is  in  place  that 
could  address  this  issue  for  aircraft  batteries. 

10.3.3.2  Recommendatioos 

The  U.S.  and  Canadian  govemmoits  should  jointly  create  families  of  batteries  that  ctmtain 
sub-families  for  specific  chemistries  and  configuiatitms.  These  families  should  be  organized  by 
specific  functional  areas.  These  families  will  serve  to  standardize  and  ctmtrol  die  proliferation  of 
configiffatiom/chemistries  used  widi  particular  systoos  and  will  aUow  new  batteries  in  die  families 
to  be  designed  with  die  same  or  similar  parameters  and  qwcifications. 

10.3.4  Evaluation  of  Supporting  Mli-Spccs 

10.3.4.1  Conclusions 

Smne  supporting  military  specifications  that  affect  batteries  are  outdated  and  in  need  of 
revision.  Packaging  and  shipping  of  batteries  are  a  jaimeexanqile.  One  battery  produce  indicated 
a  requirement  to  ship  their  batteries  in  wooden  crates.  This  was  an  expensive  undertaking  that 
added  to  d^  overall  battery  cost  and  did  not  allow  the  producer  to  take  advantage  of  more  cost 
effective  materials. 
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10.3.4.2  ReconwiendatkMis 


Evaluation  of  supporting  military  specifications  should  be  addressed  jointly  between  the 
services  and  Canadian  DND  woridng  in  conjunction  with  battery  manufacturers  to  determine  which 
specifications  are  outdated,  uimecessaiy,  and/or  too  costly  or  stringent 

10.3.5  Make  Better  Use  of  Multiple*  (or  Multi*)  Year  Contracting 

10.3.5.1  CcHiclusitms 

AdditkMul  multiple-year  contracting  would  enable  both  the  government  and  industry  to  plan 
their  business  strategies  better.  These  contracts,  which  could  be  awarded  for  longer  periods  than 
in  the  past,  (e.g.  five  to  seven  years),  could  be  based  on  the  past  performance  of  the  ctmipany. 
This  would  help  establish  a  more  coqKrative,  wmldng  relationship  with  ctm^anies. 

10.3.5.2  Recommendations 

Where  possible,  the  U.S.  Services  and  Canadian  DND  should  support  and  utilize  multiple- 
year  contracting. 

10.3.5  Oversight  Function  for  the  U.S.  Services/DoD/Canadian  DND 

10.3.6.1  Conclusi(»U/ 

The  U.S.  Services  and  Canadian  DND  could  be  more  effective  in  sharing  battery 
information  and  working  together  to  overcmne  cornnKm  problems.  Though  snudl  ad  hoc  groups 
exist  to  study  specific  battery  issues  dealing  with  particular  areas,  these  efforts  could  be  ccunbined 
into  a  nnajOT  battery  oversi^t  function  between  die  U.S.  Services,  DoD,  and  Canadian  DND. 

10.3.6.2  Recommendations 

A  joint  function  between  the  U.S.  and  Canadian  Services  should  be  establi^ed  to 
oversee  marutgement  issues  concerning  batteries  and  the  dissemiruttion  of  information  concerning 
battery  research,  buys,  company  status,  and  die  status  of  the  implementation  of  the  above 
recommendations.  Also,  since  the  above  recommendations  cover  a  variety  of  issues  and  a  variety 
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areas,  this  j(^t  function  should  oversee  the  planning,  implementation,  and  im>gress  of  the 
efforts  inade  to  inqnove  the  battery  industrial  base. 
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Appendix  C  -  Battery  Sector  Study  Sites  Contacted 


BATTERY  SiCWi';»tWI>Y  SITES  CONTACTED 

Omi|Muiy/iab 

Cl^ 

State 

Pfrintof  Qiitfart 

1 

ACR  Bectronics  Inc. 

Ft  Laudardata 

FL 

Paul  Frank 

2 

Alaxander  Mfg.  Co. 

Mason  City 

1  A 

Tony  ArKfoHrx) 

3 

Alupowar  Canada  Umitad 

Kingston 

OMT 

Dr.  John  Stannard 

4 

Army  Rasaarch  Labs  9  Ft  Monmouth 

Ft  Monmouth 

NJ 

Dr.  Bob  Hamisn 

5 

BaHard  Powar  &  Rasaarch  Inc. 

Vancouver 

BC 

Dr.  Allan  Harknsss 

6 

Battary  Enginaaring  Inc. 

Hyde  Park 

M  A 

Bob  Fay 

7 

BST  Systams,  Inc. 

PtaMiald 

CT 

Joseph  F.  Houlihan 

8 

C  a  0  Charter  Powar  Systams  Inc. 

Plymouth  Masting 

PA 

Lao  Dahlingar 

8 

Concords  Battary  Corp. 

West  Covina 

CA 

SkipKoss 

D 

Daico/Ramy  -  Olv.  of  GM 

Indianapolis 

IN 

Karan  Colins 

D 

E^jlePichar 

Colorado  Springs 

CO 

Rolan  Farmer 

B 

Eagla-Pfchar 

Joplin 

MO 

Information  obtained  from  MICOM's 
thermal  battery  study 

m 

Elsctrofual  Mfg.  Co.  Ltd. 

Toronto 

ONT 

Dr.  Sankar  Das  Gupta 

D 

GNB  Battary 

Lombard 

IL 

George  Hunt 

m 

HydroOuebac 

Montraid 

OJE 

Dr.  Guy  Baiangar 

hi 

Johnson  Controls 

Mlwaukae 

Wl 

Jim  Winnistorfar 

D 

Marathon  Manufacturing  Co. 

Waco 

TX 

Pete  Spink 

18 

Naval  Surface  Warfare  Canter 

Crarw 

IN 

Jim  GudnsM 

19 

Naval  Surface  Warfare  Canter 

White  Oak 

MD 

Jim  Barnes 

20 

Power  Conversion  Inc. 

Saddlabrook 

NJ 

Dr.  Jim  Sullivan 

21 

Saft  America  Inc. 

Cocksysville 

MD 

Guy  Chagnon 

22 

Saft  America  Inc. 

Valdasa 

NC 

Ric  Raines 

Saft  America  Irw. 

Valdosta 

GA 

Del  Nary 

m 

WhMakar  Powar  Storage  Systems 

Danvsr 

CO 

Varn  Bjork 

m 

WlightLabs®WPAFB 

Dayton 

OH 

Dick  Marsh 

Qi 

Yardnay 

Pawcatuck 

CT 

Peter  Karpinski 

AppaHttz  D  •  Manufacmrinf  Site  Visit  QucatkMiiiairc 
Battery  Sector  Study  Manufacturers  Questionnaire 
GENERAL  INFORMATION 

Name  of  Ccmipany: 

Address: 

Teleph(»e  and  Fax  numbers: 

POC: 

COMPANY  INFORMATION 

Company  size: 

Are  you  a  subsidiary  of  another  company,  privately  or  publicly  held: 

Sales  Volume  in  dollars  and  quantity  to  military  and  ctxnmercial  (l^  battery  type): 
Percentage  of  overall  sales  (dollars)  to  military  and  commercial  (by  battery  type): 

BATTERY  TYPE(S)  PRODUCED 
Battery  Type(s)  I^oduced  (battery  chemistry): 

Are  any  of  the  battery  types  you  produce  used  by  the  military  as  well  as  commercial 
customers: 

For  each  battery  type  how  long  have  you  been  manufacturing  it: 

What  systems  (if  known)  are  the  batteries  used  in: 

Fbr  each  battery  type,  name  ctmipeting  vendents): 

Has  your  ctniqrany  devek^red  any  new  battery  type  technology: 

MANUFACTURING 

What  is  your  productitHi  oqracity:  By  shift  /  by  day  /  by  battery  type  (cells): 

What  raw  mataials/components  do  you  use? 

Where  do  you  obtain  your  raw  materials  (company,  country): 

Do  you  have  the  durability  to  produce  cusurm  battery  type  configurations: 

In  what  format  are  instructions/specifications  for  manufacture  received  from  the 
govermnent  (TDPs,  Mil-Specs): 
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Appendix  D  •  Manufacturing  Site  Visit  Questionnaire 


Have  you  made  any  capital  investments  (of  your  own)  to  support  military  battery 
ptoducti(»: 

If  so  how  much:  Whoi:  What  for: 

Does  your  company  possess  any  unique  manufacturing  capabilities: 

If  so  what  kind:  Acquired  or  develcped  in  house:  Developed  by  whom: 

Has  your  corqiany  developed  any  new  technologies  related  to  battoy  manufacturing: 
Briefly,  what  is  your  maximum  cipacity: 

What  will  it  take  to  get  to  maximum  capacity: 

What  iiiq>ediments  will  you  encounter  in  (toing  such  a  c^>acity  surge: 

How  much  time  would  you  need  to  get  to  maximum  capacity: 


Main  custonoeifs): 

Battery  types  each  individual  customer  buys: 

If  your  marketplace  extends  beyond  domestic  borders  what  markets  do  you  advertise 
and/or  sell  in: 

If  so  what  battery  type(s): 

TESTING  A  EVALUATION 
Do  you  have  any  test/evaluate  capabilities  in  house: 

What  tests  are  performed  outside  your  facility: 

GQXERNMEm’.RfflglNG 

Are  you  involved  in  any  type  of  DoD/DND  funding  and/or  jmgrams  (R&D,  ManTech, 
Title  m.  Technology  Transfer,  Advanced  Research  Projects  Agency  Technology 
Reinvestment  Ptxrgram,  Defoise  Develtpment  Sharing  Arrangement,  etc.): 

Are  you  aware  that  such  programs  exist: 

RESEARCH  and  PEYELQPMENT 

Do  you  have  any  type  of  R&D  at  your  facility: 

Are  you  involved  in  any  R&D  with  academia  or  another  ccmqrany: 

If  so  where,  with  whom,  what  type  of  technology  (battery): 

IMPEDIMENTS 
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What  are  the  shortfalls/weaknesses  in  selling  to/dealing  with  the  US/Canadian 
government: 

Are  there  any  pcdicy/regulatory  issues,  environmental  regulations,  or  state/locaWederal 
laws  which  afCkn  your  Alness: 

Have  you  ever  geared  up  production  to  supptnt  a  military  emergency:  If  so  when: 

JOINT  EFFORTS 

Are  you  involved  in  any  joint/collaborative  efforts  with  another  company,  US 
government,  Canadian  Government: 

Do  you  have  any  licensmg  agreements  with  other  con^Mnies: 

Would  you  be  interested  in  such  oideavois: 

FUTURE 

What  demand  do  you  foresee  (military/cOTimeicial)  for  the  battery  types  you  produce: 

What  is  the  inqtact  of  significant  reduction  in  military  demand  to  your  company: 

How  are  changes  in  battery  technology  affecting  your  ctmopany: 

Give  a  general  assessment  of  your  company's  future  ability  to  assist  the  military  in 
meeting  its  future  battery  requirements  (relevant  to  your  company's  products)  through  the 
1990's  and  into  the  21st  coitmy: 

What  do  you  forecast  as  the  changes  in  your  production  capacity  over  the  next  three  to 
five  years? 
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Appendix  E  •  R&D  /  Laboratory  Facflity  Qucationnaire 
Battery  Sector  Study  RAD  /  Laboratory  Facility  Questionnaire 

GENERAL  INFORMATION 

Name  of  Coiiq)any; 

Address; 

TelqdKXie  and  Fax  numbers: 

POC: 

FACIUTY  INFORMATION 

Facility  size: 

Are  you  an  independent  test/evaluation  facility  or  are  you  affiliated  with  another 
conqiany  <x-  a  government  agency,  are  you  privately  <x  publicly  held: 

How  many  scientists,  technicians  etc.  do  you  employ: 

Percentage  of  overall  testing  done  fn*  military  /  commercial  (by  battery  type): 

How  long  have  you  been  in  cqieratimi: 

How  do  you  obtain  work  to  test  -  Do  you  have  long  standing  contracts  with  any 
oompanies,  do  you  advertise  -  if  so  where: 

BATTERY  TYPEfS)  TESTED 

Battery  Type(s)  Tested: 

Are  any  of  the  battery  types  you  test/evaluate  sold  in  military  and  ctxnmercial  markets: 
For  each  battery  type  how  long  have  you  been  testing/bvaluating  it: 

What  systems  (if  known)  are  the  batteries  used  in: 

Are  you  in  conqtetition  with  other  test/evaluate  &cilities:  If  so  whmn: 

TESTING 

Where  do  you  obtain  your  criteria  to  test/evaluate  against; 

What  types  of  testing/evaluating  do  you  do: 

•  (3|ualification  •  Ptoductimi 

•  Omformance  to  ^pec  •  Safety 

•  Environmratal  •  Disposal 

Do  you  possess  any  specialized  equipment  and/mr  capabilities: 
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Are  you  oeitified  to  grant  accreditations  accoding  to  regulations/policies  (government, 
acc^ted  standards) 

Has  your  conq>any  devek^wd  any  new  testing/evaluating  technology; 

CUSTOMERS 

Main  customer(s); 

If  your  marketplace  extends  beyond  domestic  borders  what  noarkets  do  you  advertise 
an^orsellin: 

GOVERNMENT  FUNDING 

If  you  are  not  affiliated  wiA  a  government  agency  are  you  involved  in  any  type  of 
government  funding  andAv  programs  (ManTech,  Title  in.  Technology  Transfer,  etc.): 

Are  you  aware  that  such  programs  exist: 

RESEARCH  and  DEVELOPMENT 

Do  you  have  any  type  of  R&D  at  your  facility: 

Are  you  involved  in  any  R&D  with  academia  or  anodier  company; 

If  so  where,  with  whom,; 


What  are  die  shortfalk/weaknesses  in  dealing  with  the  US  government: 

Are  there  any  policyAcgulatoty  issues,  environmental  regulations,  or  statc/local^ederal 
laws  which  affect  your  business: 

JOmr  EFFORTS 

Are  you  involved  in  any  joint/collaborative  efforts  with  another  company,  US 
government,  Canadian  Government: 

Would  you  be  interested  in  such  endeavors: 

FUTURE 

What  is  the  impact  of  significant  reduction  in  military  demand  to  your  cmnpany: 

How  are  changes  in  battery  technology  affecting  your  cmnpany: 

Give  a  general  assessment  of  your  company's  future  ability  to  assist  the  military  in 
meeting  its  future  battery  requirements  (relevant  to  your  conqMmy's  products)  through  the 
1990's  and  into  the  21st  century: 
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